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Citations of commercial organizations and trade names in this report
do not constitute an official Department of the Army endorsement or
approval of the products or services of these organizatioms.

In conducting the research described in this report, the investigator(s)
adhered to the "Guide for the Care and Use of Laboratory Animals,"
prepared by the Committee on Care and Use of Laboratory Animals of
the Institute of Laboratory Animal Resources, National Research Council
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¥ Part I - Immmity to Plasm falcd in Men.

\}The procedure for the comtinucus cultivation of the erythrocytic
stages of P, falcjiparum following the method of Trager and Jensen
(1975) has beon eatablished in our laboratory.

Ring stages of P, falciparum in 34% glycstol (v/v) in sorbitol

were snap~frozan in liquid Nz. A similar Xevel of parasite
viability was obtained after the parasites had thawed out and been
washed with either decreasing concent:;at:’iona of sorbitol/ saline or

hypertonic saline, L7
Since omly small amounts blood were available from patients
a procedure for oulturing P, falciparum on a microscale was

established. Growth and multiplication of the parasites ip vitro
wvas assessed from Giemsa's stained smears and incorporation of
3H-isoleucine. In microtissue oculture trays P, £ grev
slightly bettexr in RPMI 1640 and Medium 199 caontaining 1% rather
than 5% foetal calf serum, grew better in flat-bottomed trays rather

han roundsbottomed trays apnd gave better incorporatiomn of
~isoleucine in Medium 199 than in RPMI 1540, The conditions were
detormined which allowed satisfactory growth and multiplication of

By falciporum in individusl cultures of 50R1,

Wi.ncteen sera from non~immunes showed varying abilities to
support growth of P, falciparum in microcultures indicating the
necesaity for adequate controls in testing human immmme sera for

antiparasitic activity,
Infected blgod from 82 patients was cryopreserved. Thirty-four

petionts returned after recovery and gave usable serum samples to
test for antiparasitic aotiity

&Pu'f IT —Igmund t7 to rodent mslaria paragitesc

. Fraoctionation of imonme spleen cells into T-cell and B~cell
enriched populations and treatment of these populations with anti-T-
cell antisera before transfer into irradiated naive recipients

confirmed a role for both T~ and Bacells in imemmity to P, chabaudi.

Injection of pristane (2, 6, 10, il4~tetramethylpentadecane),
emulsified complete Freundis adjuvant or emmlsified incomplete
Freundts adjuvent intraperitoneally into mice 2«4 days before an
intraperitonesl challenge with L_%“L or delayed the
onset of a patent poarasitaemis in ¢ mice, mioce were not so
protected if the challenge infection was given intravencusly. The -
protection in the mice wvas associated with increased phagocytic
a.ottt:: by peritoneal macrophoges in the treated mice.

ectian of mice with W, mrine leprosy,
gave the mice cansiderable resistance to a later egtion with

Bebesia GASTOti ond some resistance to P, ghabaudd. / \
l \
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Groups of mice infected with were irradiated on a
single occasion with 600 rads X-irradiation between days 3 and 37
after infection, Irradiation before or at peak parasitaemia did
not extend the primary patent parasitaemia but precipitated a
premoture recrudescence. Irradiation between days 10 and 17, when
the patent-parasitaemia vas declining, temporarily halted the
decline in the parasitaemia and extended the primary patent
parasitaemiat subsequently in these mice the recrudescent
parasitaemias were delayed, Irradiation after day 21 had no
significant effect on the course of the parasitaemia. There is,
therofore, a radiosensitive component in the immme mechanisms
leading to parasite removal operating betweem days 10 and 17 after
infection approximately.

Late trophogoltes, schizonts or merozoites of P, chabaudi are
the vulnerable stages in the immmme mouse with phagocytosed parasites
to be seen in the liver, aspleen and occasionally the peripheral
blood. Experiments involving removal of the spleen confirms its
i@port&nt Tole in the suppressiocn of P, chabaudi in mice with patent
parasitaemias, In mice -with an established immmmity which have
recently had their immmity boosted by reinfection, removal of the
spleen does not prevent the rapid removal of a large challengeo
infection. The spleen, therefore, may be important in tho
synthesis of protective antibody but the activity of this antibody
can be independent of the spleen,

The cross~immmity between P and P tti
is dependent on the spleem, Mice which are hyperimmme to either
P or P,v, brucechwatti could rapidly control a large
homologous challenge in the absence of the spleen but not a
heterologous chnllenge. Cross~imnmity between these two rodent
paxrasites appears to involve the rapid mobilisation of a specific
iommme response to the challenge parasite in the spleen and that
the non~specific element of the oross~immmity appears spleon-—
dependent also,

. ———
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Jaixeductisn

Although malaris has been eoffectively controlled in many parts
of the world over the last thirty years, it is still the major medical
problem of the warwer parts of the world, particularly in the
developing countries. Over 400 million people are still living in
areas whero there are no effective ocontrol measures. In Afxdica alone
nearly one millian people, mainly babies and infants, are reported
to die from malaria each year. It is thought tbat the development
of a vaccine against malaria will greatly halp reduce the importance
of malaria as a major cause of death and morbidity.

It is well known that the immmme response to an antigen is
complex, that the charactexr of the immme response changes with time,
and that it is subject to regulatory mechanisms. Not all the immune

responses to malaria parasites are benefiocial to the host: some can
A detailed Imowledge of the form the impmme response

be harmful,
to malaria parasites takess and of the ways in which immmity aots

against the parasites and of its specificity will dictate whioh
aspects of the immune response to the parasites, should be preferentially

stimilated by a vaoccine. It ia with this objective in mind that
the follawing studies were caxried out.

The study has concerned the following areass
1) In_vitro culture of Plas um £ 'm om &
mloroscale,
2) Specific parssite inhibitory antibody response to

populations of P, faloiparume.

3) Mechanisms of protective immmity to mouse melarias.
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This part of the study was partly carried out at the Medical
Research Councll Laboratories, Fajara, The Gambia, West Africa, with
the permission of the Director, Dr I,A, McGregor, and with the help
of the resident techmical and medical staff,

The Gambia is a hyperendemic malarious area, with P, falciparum

accounting for most of the cases of malaria, P, ovale and
Py malariae ocour oocasionally, Most malaria in the Gambia ia seen

in the period from July to December reflecting tho increased numbers

of mosquitoes found during the rainy season and the three months
immediately after it. Although antimalarials can be purchased from
traders and are givem to patients at village dispensaries, the use

of antimalarials for prophylaxis purposes at the present time it

rare amongst the majority of the African population, This situation

is to change as plans for mass prophylaxias are formulated, Infant

and child mortality ia high. Most deatha from malaria ocour in

infants between three momths and three to four years, Children

who survive these early years gradually build up an effective immmity
until by adolescence a strong immmity is established, It 48 not
unusual, however, for adults, during the period of peak tranamission,

to have patent parasitaemias although rarely showing clir.cal

symptoms of the disease. Even in individuals living all their

lives in ome locality, therefore, it takea several years of exposure

to P, falciparum before an effective immmity to the parasite is

built up and even in immme or semi~immme individuals following
reinfection a patent parasitaemia may ensue, Two posaible explanatiov:.s
are suggested to explain why the establishment of a bemeficial level
of acquired immmity is a relatively slow process and vhy vhen immmiiy
is effective enough to prevent olinical illness the parasites may
survive and multiply. First, it is likely that even within ome locali
a large number of !strains! of P, falciparum exist, each of which
necessitatea a specific immme response from the host and thus it may
take scoveral years before an individual has been oxposed to moat of the
oxisting strains within a locality,. It wvould be expected that
different strains did shaxe common antigens and that sensitization with
one oxr more strains would promote a more rapid response to further
strains the individual may be exposed to. Secondly, P, I\

like P, Jnowlesi in the blood of the rhesus momkey, may be able to
undergo antigenic variation (Brown end Brown, 1965) and thereby evade
the host's immmeo response to it, The eventual composition of a
vaccine against the exythrooytic stage of P, faloiparup may depend upon
‘the occurremce of intra~ and interstrain variation in P, falciperum.

In the work described below in whick immmme mechanisme against

P have been examined, the possibility that inter- and
intrastrein variation occurs has bdoth been taken into account and
evidence for its ocowxrence sought,

Tommity to in men is, in part at least, dependent
on serum globuling (antibodies). Ochen ot al. (1961) pooled serum
from a number of adult Gambians, separated out the IgG fraction and
showed that this IgG had protective activity when Injected into
children suffexring acute infections, In these childrem
the parasitaemia declined and, as far as could be ascertained, the
immme IgG appeared to be antiparasitic when the parasite in the red
cells reached the mature schizont stage. . In the work of Cohen g%t ol
it is impartant to note that sexrum was pooled and that it was transf
into children who were probably already partially sensitized ta the
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parasite and whose reticuloendothelial system theresfore was stimulated,
The protective activity and hence specificity of sexra from individual
donors was not tested, The antiparasitic activity of the serum anti-
body may be dependent on the cooperation with cellular elements, such
as macrophages and K cells present in the infected children, recipients
of the immume IgG.

The asexual blood stage of g._wﬁm can novw be cultured on a
continuocus basis ('l‘racor and Jensen, 1976), some isolates from patients

adapting to continuous culture more easily than others (Jensen and
Trager, 1978), The effect of immune serum omn the growth and multipli-
cation of P, falciparum in culture has been examined by a number of
workers (Phillips et al., 1972; Phillips et al., 19753 Wilaon and
Phillips, 1976; Mitchell et al,, 1976; Reese and Motyl, 1979). Reese
and Motyl reported the inhibitory effect of immme Aotus monkey serum
on a continuously cultured strain of P, £ with which the
monkey had beon infected, Mitchell et al. (1970) cultured P
from an infected monkoy with humen IgG from immme patients,
Our own work in ) ia has looked at the effect of serum from
Gambians of variocus ages on the growth and multiplication of parasites
taken from infected children. Initially individual oultures of 3ml
were used (Phillips et gl., 1972) but since thex the parasites have
been cultured in 96=well microtissue culture plates (see Diggs st al.,
1971). The growth and multiplication rate of the parasites in micro-
culture through one schizogony and reinvasion was tored “7y Giemma's
stained smears, by measuring the incorporation of ~isoleucine or the
relesase of lactate into the supermatant, In excess of 100 sexra from
Gambians of all ages and 86 Nigerian sera were tested for parasite
inhibitory activity. In all casesa the test sera were compared for their
ability to support growth and multiplicationx of the parasite against
serum collected from the parasite donor at the same time as the
infected red cells were collected. - The majority of sera showed slight
inhibitory activity and a few ware strongly inhibitory, A few serm
appearesd to be inhibitory to the parasites of some children but not
others,. It was suggested that this variability in the antiperasitic
activity of serz in these short-term microcultures might be attributed
to antigonic diversity in P, falcipagum coupled with the fact that
specific antibody responses to any antigemic type might remain at a
high and detectable level for a relatively short period. It wvas
decided, therefore, that a population of parasites needed to be matched
with a specific immme response in an individual. In order to matoh,
for example, antiserum with tha particular population of P, £
vhich stimulated its production, infected blood wns cryopresexrved while
the infeoted parasite domor, after minimsl chloroquine therapy, mounted
an immme response to that population. Subsequently the recovered
patient donated & further serum sample (comvalescent or recavered serum)
and the cryopressrved blood was thawed and in microcultures the ability
of these pearasites toc grov and multiply in the presence of sexum
originally collected at the same time as the infected red cells
(m-om-.t-ct serum) and in convalescent serum, was coumpered. Preliminary
results, reported previocusly (Wilsom ey 19763 previous Annual
R.pm.,, showed that canvalescent sexa both specific inhibitory
activity of homologous parasites (i.e. porasites snd sers coming from
the same donor) and also some activity against heaterclogous parasites
(1.¢. parasites from other patients)., This first study was comsidered
preliminary because ths numbers of patients from vhom pretreatment
and convalescent serum vas obtained was small, and subsequent work has
largely beenr concezned with using the sase procedure to increase the
oumber of pretresatment and convalescent sera tested.,
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The work oaxrried out in the short working visit to the Gambia during

the period of this repoxrt is desoribed below, On return from the
Gambia with a large number of isolates of P, fglcipgrum parasitized
blood, cryopreserved in liquid N,, it was decided that before these
isoclates and corresponding sera 501'0 tested the continuous culture
technique for P (3 should be established in the laboxratory
in Glasgovw, It wvas hoped that each isolate would subsequently

be tested foxr its ability to eatablish in continuocus culture, There
was a delay in achieving this for two reasomns, First, the implenta-
tion of the Health and Safety at Work Act (1974) in the Universities
of the U,EK, necessitated the implememntation of handling proceduxes
for dangerous pathogens in which the risk to the worker and other
perscnnel in the viciniiy were reduced to a minimum, For the
handling of iasolates of P, f i it was decided to first screemn

all samples of blood and serum for hepatitis B and destroy all positive

samples (12-15% of samples) and to handle all the P, falciperum
infected blood using standard dangerocus pathogen handling procedures
in a recirculating work station. Secondly, the actual establishment
of the Trager and Jensen continuous culture procedure took longer
than expected. Several months of frustration and failure were
experienced. Although it is difficult to identify all the reasons
for the parasites failing to grow it 1s clear that with time technique
improved. Batches of human serum and human red blood cells (both
from thwWest of Scotland Blood Transfusion Service) varied in their
ability to support growth and mulitiplicatiom of the parasita.
Establishment of a routine in which new batches of aserum, medium and
red cells are tested for their suitability for culture purposes bofare
being used for all the cultures, removed moat sources of failure.

On my arrival at the M,R.,C, Laboratories in the Gambia for the
period of work deacribed below I was informed that it was no longer
possible to obtain convalescent serum samples by venspuncture although
the earlier reviaw of the ressarch proposal by the M,R.C./Gambian
Government Ethics Cormittee had not questioned the use of venepunoture
in recovered patients where it was thought, by clinician and parent,
to be in no way detrimental to the patient. It 4is now possibloc to
collect comvaloscent serum by venepunoture. It did mean, however,
that convalescent sera had to be obtained by fingexr prick, and that
the quantities obtained were small, Consequently a large paxrt of
the six weeks! working period was spent in soaling down the mioxroe
cultures to cultures of 50=1003l which were less demanding on sera
and parasites, :

Cryopressrvation of Plasmod

In the previous report a oryopreservation proceduxrs for the ring
stage parasites of wvas desoribed. Parasitized blood
was collected into he to give a final concentration of
10=17 i.u. heparin/ml of blood, The infected blood was washed twice
with medium 199 or RPMI 1640 and resuspended in compatible Caucasian
serum to give a 40% suspension of red cells, The infected dlood was
aliquoted in 0,25=0,30ml amounts in one or 2nl screw=capped Stexilin
propylens tunbes to which was added, drop-wise, the cryoprotectant
vhich was 34% glycerol (v/¥) in sorbitol/saline (38gm glyoerol,
2,9¢m sorbitol and 0.53gm NaCl in 100ml distilled water).
original procedure oryoprotsctant and parasitized cells were kept on
ice. The present procedure is to have parasitized bBlood and oryo-
protectant at room temperature and after mixing to keep the mixtuxe
at room; temperature for 15 min before placing in ice-water for 5 min

. _."_‘_\
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after whioh the tubes are plunged into liquid N,. Thawing of
cryopresexrved blood was carried out by transt the tubes from

liquid N, to a 379C water-bath as rapidly as possible and gently
agitat the tube for one minute, After thawing the tubes were
spun at 250g for 3 min, the supernatant removed and the red cells
wvashed in five steps (see below) with decreasing concentrations of
sorbitol (17.5% ——> culture medium) in phosphate buffered saline
pB 7.2 (PBS), This procedure for recovering oryopreserved infected
cells resulted in a good red cell recovery but had the disadvantage
of being laborious and time comsuming, An altermative recovery
method using hypertomic saline has been compared with the sorbitol
method, The results of one such experiment are given below,

The infected blood from a Blood Group A donor had 2,6% parasitaemia
of large rings, It was washed and cryopreserved in sorbitol/glyverol
as described above in 0.3ml amounts in liquid N,. Aliquots were
thawed out seven days later and washed with eit sorbitol saline
or witk hypertonic saline following the protocols givem below,

Sorbitol wash Saljpe wash
Step 1 2ml 17,5% sorbitol (S) + 2ml 10% S Step 1 0,5ml L.5% asalin:
+ 2ol 7.5% (S) + ho5ml 3.5% saline

Step 2 1ml 10% S + 2ml 7,5% (S) + 2ml 5% S Step 2 5ml O.9% saline
Step 3 1ml 7.5% S + 2ml 5% (S) + 2ml 2.5% S Step 3 5 ml medium 199

Step 4 . 1lml 5% S + 2ml 2.5% (S) + 2ml
medium 199

Step 5 1ml 2,.5% S + 4ml modium 139

Aftexr washing, the red cells wore resuspended in 1504l Caucasian
Group A serum, and put into miorotissue culture trays. Five micro~
litres of sorbitol washed or saline wanhed infected blood were
subsequently put into miocrooultures containing 50, 100 and 150Kl of
medium 199 (Phillips et ale, 1972) containing 10% foetal calf serunm
and 10mM Hepes, The cultures were incubated in 3% €O, in air.

After resuspending the cells in A serum the sorbitol washed
blood had a rod9°ou count of 3,98 x 109/1::.1 and the saline washed
blood 3.05 x 107 /ml indicating that the sorbitol method gave a
slightly better red cell recovery, Growth of the patasites in
culture was monitored by examining Giemsa's stained smears and by
the uptake of JH-isoleucine foll the procedure described in a
previous report and in Wilson g% 31.(1977). 0.5iCi IHeisoleucine
in 5pl medium 199 were added to the microculture Shr after tho
cultures had beent initisted and the cells harvested 15hr later,

Regults

The level of incorporation of 33-1-010\101.:1. in the cultures isa
given in Table 1, It can bo seen that overall the amount of
incorporation was comparable in the saline wvashed anu sorbitol washed
blood, The blood smears from the washed and resuspended red cells
showed a slightly higher parasitaemia in the sorbitol washed cells,
The reinvasion rates wero very similar. The amount of incorporation
of the tracer in ths microcultures reflects the dilution factor of
the tracer in the culture of different volumes (see later).
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Iable 1
Culture of oryopreservod P, falciparug after washing
with sorbitol or hypertonic saline
Volume of culture CePole X 10™2
w ~ Bl Moan of duplicate cultures
50 100 150
Saline +- 11,05 *
+ 6099
- 16,08
Sorbitol + + T.31
+ 5.85

Initial perasitaemin - sorbitol wash 1,96%
saline wash 1,53%

Multiplication rate (after reinvasion)
sorbitol wash -« x 2,5

saline wash = x 3.5

I Y
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Semclusion

This and other experiments indicate that both sorbitol and
hypertonic saline washing proocedures give reascnable and similar
parasite survival as judged in short=term cultures, Longer term
cultures of cryopreserved infected bdlood after washing by the two
methods are planned, ’

Variations in the procedure for culturing Péé'm
en_a microscale

It was noted in the Imntroduction that there was a necessity to
reduce the size of the miorocultures so that the inhibitory aotivity
of the small volumes of sera from patients before and after recovery
could be tested, The following experiments were sotup largely to
find tine best culture comnditioms,

In all the experiments reported below the infected blood was
collected from the patient into heparin/ringer to give a final
concentration of heparin of 10-20 i.u./ml blood, The blood cells
were deposited by centrifugation (250g for 5 min) and the plasma
collected. (The plasma was subsequently used for screening the
patient for hepatitis B.) The blgood cells were subsequently washed
twice with medium 199 or RPMI 1640 as appropriate and fina..y
resuspended to 40% haematocrit with compatible serum from a nan-
immme Caucasian, Unless otherwise stated cultures were carried
out in 96~well flat-bottomed microtissue culture trays.

S8ix experiments were carried out, The media used were RPMI 1640
(Flow Laboratories) containing 2.1 8/1 NaHCO,, 25mM Hepes and 25ikg
gentamicin/ml (Trager and Jemsem, 1976), and
containing 1,98 g/l NaHCO., 1OmM Hepes and 25ig gentamicin/ml.
Parasites in RPMI 1640 wefe incubated in a candle jar (Trager and
Jensen, 1976) and thoso in medium 199 were incubated in 5% CO, im air.
Foetal calf serum (FCS) was added to a final concentration of 5% or
10%. Individual cultures were of a volume of 2351kl in microtissue
culture trays,

Comparison of the growth and multiplication of the parasite in
medium containing 5% or 10% FCS over a period of two to four days
revealed that in 199 and RPML there was usually no significant
difference although overall there a slightly better rate of
multiplication and incorporation of isocleuocine in medium containing
10% FCS, Ono sxample is given, The parasitised blood oomtained
L.97% rings. Aftexr being washed and Tesuspended in Caucasian A sermm
104l of infected blood was introduced into 25041 microculture. 7
Lach culture contained approximately 1.6 x 1 parasites and 3,2 x 10
red cells in medium 199 oxr RPMI 1640 oontaining 5% or 10% FCS, Twelve
cultures of each were set up at 1700 hr on day O, After
1.58r oculture 1xCi isoloucine (specific activity *1 Ci m/mci
(Radiochemicals, Amersham) in 10i1 of medium was added to four oultures
of each type. One culture was for Ohr of incorporation and the
remaining three were harvested 135,5hr later, Reinvasion occcurred

ter about 4Ohyr of culture, Aftexr 31,5hr of oulture 1pCi
-isoleucine in 10pl of medium was added to a further four of each

g '

medium 199 (Flow Laboratories
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culture and the cultures harvested lhl:r: later. At intervals dwxring
the culture period representative microcultures were discontinued and
blood smears made from them. The results are cited in Table 2,

It can be seen that the level of incorporation of the radiotracer

wvas significantly greater in medium 199 reflecting the larger amount
of 'cold! isoleucine already presemt in RPMI 1640, In both RPMI and
199 thaere was a reduced level of tracer incorporation after reinvesion
and that the loweat levels of incorporation were in the media comtaining
5% FCS, Giemsa's stained amears suggested that there was a higher
rate of reinvasion in medium 199 comntaining 10% FCS, On the basis of
these results and those from other oxperimenta it was decided to use

edium 199 containing 10% FCS as the culture medium particularly where
?B-:Lsoloucino incorporation waa being determined.

It was planned to examine the possibili of using a cell harvester
(Titertec) to procesa microcultures to which isoleucine had been
added. A_gcall harvester would bo a more rapid method than the
standard method in which individual cultures are spun down in tubes and
the red cells washed three times before being bleached with hydrogen
peroxide and solubilized in NCS, In the cell harvester tls blood
cells are collected onto disca of filter paper, washed, bleached and
then treated with NCS, The manufacturers of the cell harvestex
recommended that the culturea be carried out in round-~bottomed trays:
in flat-bottomed trays there is a danger that some of the cells in
the wells would not bde completely washed out. Hence it was decided ..
compare the growth of P, falciparum in round~bottomod and flat-bottomed
tiasue culture trays.

Parasites froor eight patients were oultured in flat~ and round=—
bottomed trays in different oxperiments. The growth of parasites
from three are described, For all three donors of parasites the
parasites were cultured in 5% €O, in air in medium 199 containing
10% foetal calf aerum, lOmM Hoped and gentamicin at 25ug/ml. The
parasites were grown through onre period of schizogony and reinvasiom
in cultures of 2504l and 50ul. Five microlitrea of washed and
resuspended red cells were added to sach culture. Incorporation of
JH-isoleucine waa messured before and after reinvasion. The results
are shown in Table 3. After roinvasion comparing 50pl and 250pl
cultures the higher parasitaomias were seen in the 250Ul cultures.
Comparing flat=bottomed and round-~bottomed wells it can be seen
that after reinvasion the parasitaemias and tracer incorporatian
were significantly higher in the formex wells., Before reinvesiox
ingorporation of the tracer was simtlar in round- and flat=bottomed

wells,.

In other experiments similar results were obtained overall,
In cultures, therefore, in which reinvasion rates and subsequent
growth of the new generatiox of ring stagos are being measured,
roundabottomed are lesa satisfactory than flat-bottomed wells,
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Iable 2

Comparisan of growth of B, falciperum in RPMI 1640

1 foet

12,

Culture medium

Mean 3B—i.aolov.wi::n incorporation
CePele X 10™

Mean pearasites/
100 red ocells
after reinvasion

Before After
reinvasion reinvasion
5% FCS in RPMI 5.38 2.27 3.48
10% FCS in RPMI 5447 437 348
5% FCS in RPMI 18.3 8.62 3.96
10% FCS in RPMI 18,94 14,76 6.65
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Vashed and resuspended parasitized blood from twelve patients
was cultured in medium 199 (10% FCS, 25pg/ml gentamicin end 10wM
Hepes in 5% CO, in air) in flat-bottomed tissue culture trays in
cultures of 50ﬁ1 or 25011, Five microlitres parasitized blood or
5kl of the blood diluted 1 in 2 or 1 in 5 with normal sexrum, was
added to each well, The growth of the parasites before and after
reinvasion was monitored by incorporation of JH~isoleucine (0.5pCi
per well) and by examination of atained blood smears.

The results showed that in tem of the twelve blood samples
reinvasion rates were higher in 25041 cultures compared with the
5081 cultures although this difference could be reduced by reducing
the number of parasites per well, Growth of the parasites duxing
the firat 19hr of culture was similar in 501l and 2504l cultures.
The results from cultures of blood from three patients are given
in Table 4, In patient 7831 ¢ e was no reinvasiom in 508l
cultures initiated with 1,06 x 10° parasites although there was a
detectable incorporation of the tracer after 57.75hr of culture;
in these latter cultures there were trophozoites and schizonts
present at 67hr. In the 250kl culgures initiated with lowest
number of infected cells (2,11 x 107) from patient 7831, th é
reinvasion rate was lowexr than that in those initiated with 1,06 x 10
parasites. This finding illustrates the frequently made observation
that parasite growth and multiplication may be impairod if the
number of red cells in individual ocultures drops below a critical
level, This can be overcome by adding extra uninfected red cells
to the cultures which maintains the integrity of infected and
wninfected red cells. In general the rate of tracer incorporation
reflected the reinvasion rate determinoed by parasitaemias vhere
reinvasionx ocourred. As mentiomed earlier the amount of tracer
incorporation was reduced in the 2508l culture decause of the
dilution of the tracer.

These and other experimenta indicate that it is possible for
P to be grown thxrough one schizogony in 501l cultures
without changing the medium over the course of throe days dbut it is
necessary to ensure that there are sufficient red cells present
to prevent spontanecus lysis of red cells and that the number of
infectad red cells is not too high. Thus where materials, e.g.
infected blood, serum or radioisotope, are limited 50ul cultures
oay be profitably used but it would be advisable to momitor
reinvesion by stained dblood smears as well as by radioisotope

incorporation.

b. Chancing the medium

In further investigations ixto determining the optimal ocomditions
for the growth and multiplication of P, fgloiparum in ocultures of
less than 250Kl two experiments wvere carried out in which the wedium
in individual wells was changed during the course of the culture or
in which the volume of medium in the wells was reduced during the
course of the culture usually just prior to the rundiotracexr being
cdded. Thnt is, in ordexr to roduce the possibility of the medium
in the microtitre well being exhauated during the culture period by
the growing parssite, tho parasite initinlly started growing in
excess medium and the culture volume was reduced to that required,

Just before rodiotracer wags added.

=
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i, In the first experiment cultures were set up containing
50,. 100, 150 and 20011 of medium. Some of the 501l
cultures were subsequently left untouched,. In others
2541 of medium was replaced after 23,5 or 42,5hr of
culture, The 1l00)l cultures had 5031l medium removed,
the 1504l cultures had 100kl medium removed and the ,
2008l cultures 150Ul medium removed in all cases after '
23,5 or 42,5hr of culture. That is, in all cases the i
final volume of each culture after 42,5hr of culture ‘
was 50pl, Reinvasion ocourred after about LOhr of ‘
culture Duplicate cultures of each treatment received
0.5uc4i isoleucine between either hours 44,75 to 66,00
or 73.00 to 92,50, The parasitaemia after reinvasion
was approximately the same in the different cultures,
1.8¢ 5.56~8.,154%, The tracer incorporation ratas axre
glven in Table 5 from which it can be secn that replacing
258l of medium or reducing the volume of the culture
to 5081 at 23,5 or 42.5hr, particularly after 42,5hr ‘
of culture, increased the amount of incorporation of the !

tracer, )

ii, Cultures were set up containing a volume of 50, 100, 130,
200 or 250kl. After 24,75hr of culture some oultures
were reduced in volume and others had medium replaced

as followa:s
5081 cultures - 205l medium replaced in some cultures.
100pl cultures -~ 501l medium replaced in some cultures.

1508l cultures =~ 5001 medium removed from half the cultures
- and replaced in others. A

20011 cultures -« 100kl medium ronovo'd. from half cultures and .
to some of these 50pl fresh medium .dded.g

2J0pL cultures — 200Kl removed from half cultures and to some ¢
- of these 50 or 1004l fresh medium added, & |
0.58C1 “H~isoleucine in 10p1 was added to wells given the i
different treatments from 4.5hr to 18,25 and from 52,50hr
to 66,50hr, Reinvasion occurred after 30l of culture.

The resulta are given in Table 6, It can be seen that the ;
amount of tracer incorporated between 5,50 and 18.25hr decreased !
with increasing volume of the cultures, The lowest reinvasion rates,
assossed by the stained blood smears werse seen in the 50Kl culturest '
ix the 5081 ocultures in which 201 of the medium was replaced the
reinvasion rute wvas increased slightly and the amount of tracer
incorporation ratsed. Although for the cultures of a final volume
of 100, 150, 200 snd 230kl the Teinvasion rates were higher than
for the 508l cultures, there wus no indication that any perticular
volume sise gave the best parasite growth and multiplication,
Similarly for cultures of & final volume of 100 and 15081, replacing
medium or starting with excess medium and reducing the volume to
the final volume, did not enhance parasite growth snd multiplication.
It is,however, to be noted that this experiment (ii) the individual
sultures cantained 1,84 = 1 ites compared with ,
389 = 10° parasites in experiment (i) and the medium, therefore, :
was lese rapidly exhausted,

. — e
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Iable O
Growth of P, falciperup in cultures of a final
Yolume of JOu1
Mean ©.PeMme X 103
Iol;:;:..uif T N t Total
e rerdf | of cultures Period of isotope incorporatian | incorporation
L o 75~66 o OOhY 73.00-92, 5hr
5081 none 18.34 19,33 37.67
259;-3::%:«:«1 22.06 17.3 39.35
50p1
25uizf;§i‘°.d 22,95 18,08 41.03
. 50»;33;;wed 2;; 59 20:63 iis:,zz
i00u1
. 50“%21";7“ 28.33 18, 96 4T7.29
100“;3f;1-;v.d 2L ,06 22,21 46,3
15081
1oop;1‘.2f$vod 28,14 20,73 48.87
15041 remaved 22,59 20,12 43.01
200p1 -
159»;1‘.2':';;vod 31.16 19,05 50421

The cultures were initiated with 5l vuhgd and resuspended

infected blgod cells containing 3.89 x 10

(10,2% x 10

rbes),

parasites

A,

;
!
?
f
i

e ———— e




18,

wreop

N - ™
Jo 9480frdia} WOl PejuInNoTuNO BIGA *wtd®o puw 8V
*(wr1eo pox
poorq pepusdensex

. e .

BIITUT ©30A EeINITND

«ﬁoau«mrh!—
OT X §Y°6T) sorysuaed ~07 X §g°T Fugureiwoo
pue peusea TS WITA Pod

28 gg’t ' hg°en - (14

130 | T2 zo*ct - 002

Leeg ctot 00. 05T

€0%9 gzzt 0% 4

20°9 Lztet (411 ost

92%9 962 9z*t1 - (19 ¢ .

<hoL yrlet oS oot 002 oce

9heL 1z°0T - oot 0ot 002

8L 8z*ht - oot o< oSt

62's g‘ot 0% oot oS oot

8ctL 6°c go*z ¥ gcoot - oot - oot

9%*or 40 F 4L oz o o2 1

6c g 6Lt¢ L°0 ¥ 19%9 - o< - oS
TS °99-0§°2S | TuEz'Rt-L*Y ﬂu»wuo x vnnﬂwmun :... i vowu.hn . n.n—muuo

g-ot x suedeo fteop v p*lwuwuﬂ...ndm Jo emtitop eumtoh Yeuis “MMMM nﬂﬂ.u-.“"%

!

poowrdox Jo0 \Uﬁl pesowox Seh whipow goryA Uy seanjtnodbxoful uf

9 oIqul

BRTeaToT97 *d Jo WIABID




19.

These two experimenta confirm that it is possible to bhave

sigunificant growth and nltipucatiW in 5041
cultures, particularly if medium is ? though the paraaites
may do less well than in larger cultures.

Growth of P. ;ggim in microcultures in
G2 S5 9 RRAS g pormal Caucasian gerum

As a test of the suitability of small volume miocrocultures for
assessing the ability of different sera to support the growth and
maltiplication of P two experiments wero carried out
in which the parasite was grown through one schizogony in the
presence of serum samples collected from adult females in the U.XK,
The donmors were either women attemding ante-natal clinics or a
sexually~-tronsmitted disecses (STD) clinic, The sera vere stored

at «259C until required,

In the first experiment parasites from a Group O donor were
cultured in 5081 medium 199 (10% FCS, 1OmM Hepes and gemtamiocin
250g/ml) to which 504l of serum was added, Fach serum was tested in
three microcultures, Growth beforo and after reinvasion was asses:3d

_ by ingorporatian of “Heisoleucine (0,5uCi por well) and examination of
blood snedd, The results are given in Table 7 whore it can be seen
that substantial reinvasion only occurred in cultures con*aining
culture medium without additional human serum, Humpan serum at a
concentration of 50% supported growth of ring stages with some small
degree of variation between different sera, as well as medium alome,
as ovidencod by the incorporation of the radiotracer between 4,00
and 19,25hx of culture, but reduced schizogony and reinvasion,

In the second experiment 25l of human serum was added to 501l
of complete medium. Cultures were initiated with 5il of was
and resuspended infected blood (3.7 x 10° parasites, 17.9 x 10° red
blood cells, 2.07% parasitaemia) from a Group O donor, Four culturss
with eack sorum vere set uPe Oo5KCL JH-ismoleucine in 104l was added |
te duplicate cultures of each serum sample after 37,5hx of culture
(reinvasion occourred after about 28hr of culture) and the cultures
were harvested 16hr later at which time the remaining two cultures
of each serum sample were smeared to determine the reinvasion rate.
The results are shown in Table 8, It can be seaen that om this
occasion the reinvasion rate in the cultures containing 33% human
serum was as high as that in medium alone. Radiotracer incorporation
showed that thero was some variation in the uptake of tracer by the
now rings in the different sera. A higher level of tracer
incorporation was not always reflooted in a higher level of parasite
reinvosion as seen in the stained blood smears,

These two experiments showed that small miorocultures can be
used for determining, for example, the ability of sera from immme
individuals to support or inhibit the growth and multiplication of

Hupen sera at a final conocantration of 33% supported
the parasites very much better than at a o entration of 50% and
that with cultures initiated with 3,7 x 107 parasites a total
culture volume of 754l was satisfactory, These experimants clearly
showed that there is variation in the ability of serw from non~
immes, sven Detween serum samples token on differsnt occasions
from the same individual, to support P, faloiperum.

Y B,

In sxperiments, therefore, vhere snti-parasitic activity of
iamme sexa is Deing tested for, an adequate numbexr of control sera
should be included.

b igze A
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Reinvasion °‘ﬁ£ﬁ=§§é§é§!§§§_§n’di‘f°"°¢ non~immme sera

lable 8

21,

Serum donor

Blood Group

Mean
CePomy X 103
after reinvaaion

Mean
% parasitaemia

after reinvasion

1 (1)
1 (14)
1y (444)
1 (iv)
1 (v)
9 (1),
9 (11)
9 (114)
9 (1v)
32
35
36
38
41
175
190
229
ReSeP. (1)
Medium

20452
18,08
28449
23.1
17.42
18,08
17.57
21,98
22,56
21,19
26,15
24,98
23,37
30439
25,1
21,12
28,43
26,37
22,15

18.47
15427
19.89
20.14
15,2

11,31
17.58
17,6

16.30
16,5

15.44
20,254
16,87
15,34
16,75
21,61
20,78
18,79
17.79

Sera were collected from donoxrs 1& and 9 on
four or five occasions, one month between
donations.
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Testing of return sera for nnti-PI fgcég antibodies

Infected blood was collected frop 82 patients and samples from
each oryopreserved in liquid N,. Thirty-eight patients returned
from vhom small serum samples Were collected, Four of these patients
were subsequently found to be hepatitis B positive and all blood or
serum samples from these patients had to be destroyed. As explained
in the Introduction it was decided to establish the tecimique for
continuous culture of P, falc in the laboratory under acceptablo
conditionas of worker safety before thawing out the cryopreserved
infected blood and testing the sera from the patients after recovery,
It was hoped that when thawing out the cryopreserved blood samples
not only would short-term cultures from each isolate be set up to
tost the anti-plasmodial activity of the sera but also an attempt
would be made to adapt the isolate to caontinuous culture.
P, £ is now established in continuous culture and the teating
of the sera ia in progress. Attempts to adapt the frozen isolatos
to comtinunous culture have not been very successful so far, Fixrst

results continue to canfirm the anti-plasmodial activity of retwxn
Full details will be held over to the next report,

sexra,.
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Introduction

The work below is a continuation of the study described in the
Annual Report DAJA 17-75=99415 January 1979 . The following four
lines of investigation have been pursued:

Qe lymphoid cells involved in immmmity to
Plasmodium chabaudi in mices

be offect of non~specific stimulation of the
reticulo~endothelial system om P, yoelii and

2. chabaudi infectians;

ce the effect of cancurrent infections of
Myoobpoteriup lepracmurium on P, chabaudi and
Babeasia microti infectionss

de Temoval of P, ohabaudi in immune mice
- offe0t of irradiation on the

removal process
= role of apleemn.

Material and Methods - genmeral comsideraticns

Plasmodium chabaudi (A/S) atrain was claned and supplied by
Dr D, Wallikoer, University of Edinburgh. Ig C57B1, CBA and NIH mice. )
aged 6-40 weeks, this parasite produces an acute primary patent
parasitaemia usually lasting around 17 days. A period of
subpatency follows. In the majority of mice a patent recrudescence
emerges around day 28 and lasts 5-7 days. A funther recrudescence
around day 50 is saen in some mice. In the majority of mice the
parasite appears to have been eliminated 10 weeka after infectiom.
In our laboratory the asexual blood stage of P, chabaudi grows
synchronously, schizogomy ococurring around midnight. Late trophozoite
and schizont stagea tend to leave the peripheral circulation.
B, yoelii (M strain), P, vipckei peyteri and P,v, bruechwatti all
came from Dr D, Walliker, University of LEdinburgh.

Parasitized blood is stored at -198°c using glycerocl at a final
concentration of 17.5% (w/v) as the cryoprotective agent.
Cryopreserved blood was thawed rapidly in a 37°C water bath and
injected intraperitoneally into mice. Dilutions of freshly thawed

"6Xood were made with 17.5% sorbitol in saline. Subpassages of the

Parasite were made every 3 or L days in order to maintain the anti-
genic character of the paraasite.

Heparin at a final concentration of 10«20 i,u./ml blood was
used as the anticocagulant and dilutions of infected blood were made
in Hanks' balancod salt solutiom or tissue culture med’um as indicated,

Parasitaenias wers ussessed by examination of tail blood smears
;;Ea.d ;13.1:!: Giemsa's stain and recorded as parssitized red cells per
or 107 red cells. Mice were injected with parasitizod red cella

i
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intraperitoneally (i.p.) or intravenocusaly (i.v,) as indicated in
the text. All infeoctions were initiated with infected red cells,

Mice

Four inbred strains of mice CBA, A, NIH and CS7Bl were used
at different times and they were supplied either by the Centre for
Tropical Veterinary Medicine, Easter Bush, East Lothian, or Hacking i
and Churchill, Huntingdon, or were bred within the Zoology Depaxrtment.

All mice were fed on Oxoid diet h:LB and food and water were
given ad 1libitum, The mice were maintained at around 22°C with
12hr light from 0800 to 2000hr.

i Lymphoid cells involved in immumity to P' gw in mice

It was previocusly reported (McDonald and Phillips, 1978) that )

impunity to B, _chabgudi could be adoptively transferred to irradiated
syngenoic recipients with immme spleen cells, and with populations ,
of imsmme spleen cells containing predominantly either thymus~derivec !
(T) cells or bursa-derived (B) colls as a result of pessing spleen
cells through nylon wool columms (Trizio and Cudkowicz, 1974).
The best protecticm was given to lethally irradiated mice with
unfractionated spleen cells suggesting that one of the role. of the
T=cells was to act as helper cells in the production of protective
antibody. Furthor experiments which have been reported (McDamald

. and Phillips, 1980) showed that in the irradiated recipients of
unfractionated immme spleenn cells or enriched immme spleen T=cells
the control of the Drimary patent parasitaemia was associated with
a rise i the level of protective antibody in the serum of the mice,
This observation alao suggests that immme T-cella were acting as

helper cells in the productionr of protective antibody. ’ &

Ix part of a further examinution of the relative roles of
T= and Becells in the immune response to P immme cell
populations have bean treated with anti~thymocyte (Rose et al., 1976}
prior to adoptive transfer. In the previocus report the results
of throe such experiments werse briefly described in which the effect
of anti-thymocyte serum (ATS) ap unfractiocnated immune spleen cells
or enriched imxnme spleen T=cell populations were examined. Although
there was ocne anomelous result, these experiments in gemeral indicated
that treatment of the immme spleen cells with ATS baefore transfer
reduced tho protection givan, particularly that afforded by the

immme T=cell populatian, '

Two further oxperimonts are described in this report in which
the effect of ATS was extended to enriched immme B-cell populations. o
The preparatian of the spleen cell populations was as describded in
o previdus Annual Report (DAJA 37=75C~1620) and in McDonald and
Phillips (1978)e In brief, the disscciated apleen cells were .
first passed through a glass-wool colum at room temperature to f
remove dead cells and some mmcrophages. The cells which passed !
throughk the glass-#ool colurm: were subsequently incubated om a
nylon wool columm at 37°C for 45 min. Vhen more mediin was then :
run through the column the effluent cells were predominently T—cells.
The cells which remained in the aylon wool column could be dislodged
by mechaniical agitation and these cells were rich in Becells,

|
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Tecells were identified by their vulnersbility to ATS and complement,
and B—cells by the immmoglobulin an their surface (MocDonald and
Phillips, 1978).

In the first experiment with 9 months=~old CBA male mice the
impune spleen cell domnors were sacrificed 58 days after they had
been reinfected with P, chabgudi. The normal spleen cell donors
were age matoched controls, For immme spleen cells, & tion
subjected to glass~wool filtration only (g.w. immnmne cells), and
enriched T- and Becell populations were prepared, From the noxrmal
donors! spleen cells subjected to glass=-wool filtration only wexe
prepared, From cach of the four populations a sample was treated
with rabbit anti~mouse thymocyte serum (Roue et al,, 1976) diluted
1/20 with phoaphate buffered saline (FBS) and guinea-pig serum
diluted 1/3 with PBS and another sample with normal rabbit serum
(NRS) diluted 1/20 and guinea~pig serum diluted 1/3. All the
cells were washed three times and injectod i.v. into 3} montha-old
male CBA mice which had been irradiated with 60Q rads X-irradiation
24hre previously. Each mouse roceived 2,3 x 10° cella and for
each population of anti~thymooyte and normal rabbit serum treated
cells a group of six recipient mice was set up. Two further
groupe of non~irradiated mice were set up. The first group of mice
each received 0,25ml 1,v, of the supernmatant from the cells
treated with diluted ATS and complement and the second group the
sams volume of diluted normal rabbit serum from the treated zells.
All the mice were challenged with 1 x 105 P, chabaudd i,v, immediately
after serum or cell transfer, The viability of the cells after
serum treatment was g.w,. NRS treated normal cells = 90%, g.w. ATS
treated normal cells = S4%, g.We NRS treated immme cells - 92%,
8eW, ATS treated immmo cells 40%, NRS treated enriched ilxmume T=
cells = 75%, ATS treated senriched immme T=colls - 4%, NRS treated
sariched immme B-cells - 78%, and ATS treated enriched immme B~
cells 78%. The mean parasitaemias are given in Figure 1.
Surprisingly all ths mice given enriched immme T-cells treated with
NRS died. OFf the mice given ATS treated immme T-cells 3 of 6
died and. the survivors suffered fluctuating patent parssitaemias
during the 33-day obsexrvation period. All the mice given NRS
treated normal spleen cells died whereas 3 of the 6 given ATS
treated normal spleen cells survived and also showed persistent
fluctuating patent parasitaemias, The mean parasitaemia in the
mice given NRS treated enriched immme B and NRS treated g.w, immme
cells followed a very similar course, the majority of mice becoming
subpatent by day 17, ATS treatment reduced the protective activity
of both the immme B=cell population and the g.w. immme cells.
There was some variation within each group but there was an indication
that the effect of the ATS was the greater on the g.w. immune cells,
The reduced praotective activity of the treated cells was evidenced
as ax extended pxrimoxy patent pernsitaemia and the emergence of
recrudescent parssitaemias. The mean paresitaenias in the mice

given supernmatant from KRS oxr ATS treated cella followed similar courses

In & repeat sxperiment with CBA male mice, the immme spleen
cell donors were reinfected 47 days hefore being sacrificed. The
recipient mice received §00 reds X-~irradiation 24hr before esach
mouse received 2,45 x 10° cells i.,ve OGroups of eix m 2e were
set up vhick received the same category of treated cells as in the
previocus experiment, Groups receiving NRS or A’rs,woro not included.
All the recipient mice were challenged with 1 x 10
parasitized cells immediately after cell transfer was completed.
The viability of the cell populations after treatment with NRS or
ATS wps as follows:
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Figure 1. Course of P, chabaudi infection in mice irradiated with
600 rads and injected i,v, with either 2.3 x 106 glass~wool filtered
immume spleen cells treated with either antithymocyte serum (aTs)
(Qw0) or pormal rabbit serum (NRS) (B=®), 2.3 x 10" imeune B-cells
treated with either ATS (@=e@) or NRS (0=0), 2.3 x 10% iomme T-cells
treated with either ATS (a=a) or NRS (s=e), or 2.3 x 10 glass-wool
f1iltered normal spleex cells treated with either ATS (»=¥) or NRS
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€e¥e NRS treated normal spleen cells - 9h$; geWe ATS treated normal
cells = 39%; g.w. NRS treated immme spleen cells -~ 87%; g.¥. ATS

troated immme spleen cells = 29%; NRS treated immme T cells ~ 96%:

ATS treated immmo T~cells - 5% NRS treated immme B-cells = 92%
and ATS treated immme B-cells ~ Ti4%, Fluorescence studies showed
that the immme T immme, B and g.Ww. immme cells contained 2%, L4%
and 22.5% immmoglobulin-bearing cells respectively.

The mean parasitaemias for each group after infection are given
in Figure 2. First, it is noted that the patent parasitaemia was
not first detectod until day 6 compared with day 3 in tho previous
experiment. Thus there was a longer period for the host!s immume
system to recover from the effect of the X-irradiation before
receiving the antigenic stimulus from the parcsite, The mice given
the normal spleen cells all died with the exception of a single
mouse in the recipients of ATS treated spleen cells. Of the mico
receiving NRS treated immmme T=cells 4 of 6§ mice asurvived, the
surviving mice being subpatent by day 20 and thereafter remained so
during a L2~day obsaervation period, The mice given g.v. immme
cells or immme B-~cells treated with NRS all survived and had simila:-
courses of parasitezemias, the infection in all mice being subpatent
by day 19 and remaining so: the peak parasitaemias in these mice
were lower than those of the NRS treated immme T-cell recipients,
Treatment of the imymme B=cells with ATS in 5 of 6§ mice had no
significant offects in the asixth mouseo the primary patent
parasitaemia waas extonded to day 33. The effect of ATS on the
geW. immme cells was more pronounced: the peak parasitasmia was

elevated and the primary patant parasitaemia was extended to day .

23/24 and in L of the 6 mice recrudescent parasitaemias appeared.

The results from these two experiments show some similarities
and some differences. First, the g.¥v. immme and immme B=cell
populations treated with NRS protected the 600 rad irradiated mice
to a similar degree which followed earlier results (McDonald and
Pnillipe, 1978, and previous Ammual Reports), suggesting an
important role for both T and B memory cells, The effect of the
anti-T=cell serum, in reducing the resistance conferred on the
recipients, was morc marked on the g.w. izzmme cell recipients
whoih was to be expected, in view of the higher proportiom of
T=cells in the g.w, immme oell population when compared with tke
immmme B-cell populatiom, The immme B=cell population, in
particular, contained unidentified cells, which meay have includod
erythroid cell precursors (Freeman and Parish, 1978) playing no
paxrt in the resistance conferred on the recipients. These
utidentified cells may have a role in immmity and need to be
investigated. In the first experiment the immme T-cell rocipiemts
were not protected, I previous fractionation experiments the
protective effect of the immme T-cell population could be reduced
by incrossing the irradiation dose of the recoipiemnts from 600 to
800 or 850 rads, It mey be that the recipient mice in this
experiment inadvertently roceived a dose greater than 600 rads
or wexre partioularly sensitive to the irradiation. In the secand
experiment the enriched immme T=cells gave protection marginally
less than that associated with the g.v. immme cells &1d treatment
with anti~T-cell serum almost abolished their protective activity,
In conclusion these two experiments oconfirm a role for both T= and
B=gells. Presumably T and B momory cells were being transfexrred
because the cell donors were sacrificed 47 and 58 days after their
last reinfection, Work under the prosent grant suggeats that at
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Course of P, chabaudif infection in mice irradiated with

600 rads and injected i.v. with either 2,45 x 106 glass-wool
filtered immune spleen cells treated with either antithymocyte serum
(ATS) (#=®) or normal rabbit serum (NRS) (0=0), 2.45 x 10 immune
B-cells treated with either ATS (A=d) or NRS (s=s), 2,45 x 106
immune T-cells treated with either ATS (Q=G) or NRS (®=s), or
A48 x 106 glass=wool filtered normal spleen cells treated with
either ATS (veo) or NRS (vew),
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this time the donor mice were not infected and that antibody produoction.

datected as protective antibody or by the indirect fluorescent test
(IFAT), was minimal,

Previcus work (McDanaid and Phillips, 1980) suggests that among
the immme T=coells are helper cells whiclh induce protective antibody
by the few contaminating B-cells in the immune T~cell population
or more likely by those Becells which survived irradiation and those
produced by the recovering immme system in the irrandiated mice,

The rate at which the immme aystem of irradiated CBA mice
recovers after 600 rads X~irradiation was examined in one experiment,
Four-months old male CBA mice were irradiated with §00 rads 20, 12,
8, & nﬁd 1 day before being injected with an i,p. injection of
1 x 10% sheep red blood cells iSRBCS). The irradiated mice were
not given any spleen cells from nan~irradiated mice. A group
of non=~irradiated mice also received sheep red colls. Ten days
after receiving aplean cells the mico were bled ocut and the level
of anti=-gheop red cell antiboldy measured using o haemagglutination
test. The results showed that the mice irradiated 1, 4 and 8 days
before receiving sheep cells made very little datectable antibdocdy,
With on increasing interval, thersafter, the mice showed an
increased ability to produce anti-SRBCS antibody but even 20 days
after irradiation the mice had antibody levels wvhich were still
less than balf of those in the control mice, In relatiom :o0 the
cell tranafer studies these observations show that the 600 rad
irradinted mice have an immme aystem which is itself capable of
production of low levels of antibody dbut which after 20 days isa
still performing well below that of the control mica, Thus the
protection given by immme cells to irradiated mice, at least
that mediated through protective antibody, would be expected to
come from, in large measure, the transferred cells rather than the
recipientas own immme system.

In the current sxpeximents the role of individual subsets of
T~colls is being examined, in partiocular the role of helper cells,
cytotoxic T=cells and T-cells mediating celle-mediated immune responses.

Two further transfer oxperiments wero carried out but the
detailed results are not givem, These expariments were carried
out becauso there was a period vhen irradiated mice were dying
unexpectedly aftexr cell transfexr and ohallenge. In the first of
these experiments with CBA mice sploen cells came from mico 99 days
after reinfeotion and populations of g.w. immame sploen cells,
enriched immmmeo T spleem cells, enriched immme B apleen cells and
8+.Wwe normal spleen cells were injected into syngeneic 600 rad 6
irradiated or nan-ixrradiated mice, Each e reoeived 3,5 x 10
cells i,v, and immediately afterwvards 1 x 10° P, ohabaudi perasitized
cells i.v, In all the mioce the parssitaemia was slow to dsvelop.

In irradisted and non~irradiated mice the different immme cell
Populations vere equally sffective, The parwsitaemias vere

extended in ths Arradiated mice, In the second experiment spleen
cells came from CBA female mice 205 days after reinfectiomn. oV
issume or normal spleen cells vere injected i,v, into 600 rad
irradiated or ng-!.r.ndutod syngeneioc recipienta, sac.. mouse 5
receiving 3 x 10° gells, The mice were challemnged with 1 x 10

P parasitized red cells i,v. immediately after cell
transfex, Again the parasitasmias in the non~irradiated mice were
lowexr than is usual and the course of the primary patent parasitaomias
in the immme and normal spleen cell recipients followed essentially
similaxr courses. In the irradiated mice, however, the immme cell
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recipients had patent parunaitoemias of o similar dursetion to that

in the non~irvediated but marginally higher. In the irradiated

mice the recipients of noa~ismmme cells had extended and significantiy
more acute patent parasitaemias. Theso two experiments illustrate
the somevhat variacble response of mice to irradiation, the variable
srotootion given by immme spleen cells from differeat groups of
Tecovered mice, but do canfirm the wvalue of using irradiated mioce

for demonstrating the protective activity of immme cells,

 d f t. reticulo=-
encothe syatem on iﬁ@g xoelii

and =. mm infections
(with A.S, Mortam)

Vorking in our research group during the contract period a Final
Honouxrs year student (Miss A.S. Morton) carried out a small project
examining the effect of non~epecific RES stimulators on rodent malaria
infections., The results were of interest and are briefly reported
here. The stimulants used were pristane (2, 6, 10, li-tetramethy)-
pentadecane) which is an oil, Freund's complete (FCA) and Freund's
ingomplete adjuvant (FIA), both being emulsified with an equal volume
of phosphate buffered saline before injection, and diethylstilbestxol
(DES) which was dissolvod in corm oil at a conceatration o Umg/ml.

Eriptope

Groups of A2G mice wexe injectad i,p, with O,5al pri-tnnoslo,
4 or 2 days or 10 min before being challenged i.,p, with 1 x 10
Py yvoolil parasitized rod cells, A further ETOoPp vere given pristo
4 days baefora the mice wexre injected with 1 x 10° parasitizod red
cells i.v. Control groups vwere given saline i.p. and challemged i.p
or 1.ve Tho mean parnsitasexing of each group showed that the early
rise in patent parasitasmia wos signifiocantly delayed in the mice
g€ivern pristane 2 days before infootion: o days 3 and 4 of infection
the parasitaemia was significantly lower (P)>0,03), Pristane given
10 min before challenge had no effect suggesting that this sudbstance
bad no significant direct anti«pearansitic activity,

Exeupd's Adjuvent
Exeupd’s csomplets

Groups of !A! atrain mice were injected with 0,25ml of
m&gi.d FCA 1i.pe 10, 5 oxr 3 days before an i,p. challenge with
Ix=10 parasitised erythrocytes, Another group of mice
Siven smulsified FCA were similarly challenged intravencusly 3 days
after receiving the adjuvant, Control groups vere given 0.25al
saline i.p. and challenged 1i,.v, or i.pe The mean parssitaemias
are shown in Figure 3 where it can be seenn that the omset of the
patant parssitaewmia was significontly delayed in the mice given
the FCA and challenged i.,pe The longest delay vas in the mice
given 7CA ) days before challange, followed by the dxy .5 gty
and least delayed were the day +#10 FCA group. The gxoup Jm
TCA 3 days dDefore an i.,v, challenge had a parasitacmi. which
followed that of the cantrol groupe.

In a secand experiment groups of C57Bl mice were given o.gm
smulsified FCA or FIA 3 days dDefore i.p. challengs with 1 x 10

% parasitizsed red cells, A further group received 0.25ml
ied FIA 5 win before anx i.p, challenge with P, vaelil.
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Control groups aguin received saline i.y. and challenged i,p, or

i.v, The mean parasitoemias showed that the onset of the patent
parasitaemia was again delayed in the mice given emulsified FCA

or FIA 3 days before challenge and that the course of the parasitaemia
in the two groups waoa similar, The course of the paransitaemias in
tha control groups and the mice given FIA 5 min befores challenge
folloved similax couxrses, It would appear, therefore, that the

FIA had no aignificant directly antiparasitic activity and that

FIA and FCA were equally active.

In a third experimemt groups of A strain nioosworo glven 0,25
esulsified FIA 5 days before challenge with 1 x 10 P, chab
parasitized red cells, The mice were challenged i,p. with either
ring stages or late trophozoite stages of the parasite, A further
group of adjuvant troated mice ware challenged i.v. with late
trophozoite stages, Control groups received 0,25ml saline i.p.
and challsnges were made i.pe or i,v, with ring or late trophozoite
stages. The results showed that the omset of the patent parasitaemia
was delayed by 3=l days in the mice given FIA and challenged i,.p.
and the length of the delay was the same in the mice infected
wvith ring stages and late trophoszoites. In the mice given FIA but
challenged by the i,v, route the parasitaemia followed that of the
controls, Thus the antiparasitic activity of the FIA appeared
to be coanfined to the peritoneal cavity and that differont stages
in the asexual growth cycle in the red blood cells were equ lly
vulnerable to the antiparasitic effects inducod by the adjuvant,

The non=~specific stimulatory activity of pristane and emulsified
FIA was investignted by examining the ip vitro uptake of sheep red
cells (SRBCS) by macrophages from the peritoneal cavity of stimulates
and control mice, A strain mice were injected i.p. with 0.5ml
of pristane, 0,25ml emulsified FCA, or 0.5ml saline. Three days
later peritoneal exudate cells were collectad by peritoneal lavage
with REMT 1640 medium containing 20mM Hepos and 20 units/ml heparin,
The peritoncal cells were washed, resuspendod in RPMI 1640 (comt g
20mM Hapes and 5% foetal oalf serum) to o concentratiom of 1 x 10//m) ,
and onc millilitre of the cell suspansion put into Leighton tubes ° )
with flying coverslips. The Leighton tubes were incubated at 37 C
for 30 min at the end of which time the medium was removed from the
tubes, removing the non-adhexent cells, andsreplacod. with one :
alllilitre culture medium containing 1 x 10  washed sheep red cells, '
The tubes ware incubated for a further 2hxr at 37°C, At the end of
this seocond incubation period the coverslips were washed, air-dried,
fixed in mothanal and stained with Giemsa's stain, The stained
macrophages were then examined and the percentage of macrophages
in 15 oil immexrsion fields containing ingestod red colls was
calculated, It was found that 48% and 34% of the macrophages
from FCA and pristane treated mice respectively contained ingested
Ted cells compared with 14% in the contraol meorophages indicating
that the stimulatory substances had increesad macrophage activity.

In view of the fact that it is known that immmity to
and is 4in part at least mediated through antibody and
that cytosis of parasites and parasitized rod cells is seen
to ocour in infected animals, probably in part mediated by
opsonising sntibody ( and Kroier, 1976), it waa decided to
examine the combined effect of antibody and pre~treatment with
omulsified FIA on the course of o and infection,

Iocame serum was collected from micoe which had recovered from
infection with one of the two parasites and had been reinfected with
the same parasite 17 to 42 days bDefore the serum was collected,

In the first of these experiments groupe of C57Bl mice were given
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0.25ml of emulsified FIA (3 groupg) or saline (2 groups) i.p. J days
before challenge i.p, with 1 x 10° P paxrasitized red cells,
Immediately after infection a group each of FIA and saline treated
mice were given 0,3ml immume sexrum i.p. A further group each of
FIA and saline treated mice received 0.3ml noxmal serum i.p. The
thixrd group of FIA treated mice received the challenge inooculum only.
The results showed that from days 3 to 7 inclusive the patent
parasitaemias in all the mice receiving FIA and in the mice given
immme serum and pretreatment with saline, were significantly lower
(P>0.05) than that in the mico pretreated with saline and subsequently
glven normal serum or saline after challenge. On day 8 but not

day 9 the parasitaemia in tho mice pretreated with FIA and injected
with immune serum, was significantly lower than all the othexr groups.
In the second experiment of this pair the same protacol was followed
except that A2G mice were used and that 0,7ml :ngnc or normal serum
was injected after & challenge inooculum of 1 x 10° P

parasitized red cells, The results were essentially the samo as
those of tho first of these two experiments, In all mice the pre~
treatment vith FIA and injections of impume serum in saline pretreated
mice delayed the ocnaset of the patent parasitaemia, In mice pre-
treated with FIA and injected with immmme sexrum the course of the
patent parasitaemia was delayed by a further day compared with the
mice giverr adjuvant or immme serum alone. This pair of expexriments
suggested that there was an additive antiparasitic effect of the

FIA and the immme serum bDut no good evidence of a synergl tic

effact which might result from the presence of activated macrophages
and opsonizing antibody,

Dieshrlstilbestrol

Groups of C57Bl mice were injected i,p. with lmg DES in 0,25ml
corm o&.‘l. L4 days, 1 day or 10 min before an i.v. challenge with
1L x10°pP parasitized red cells, Control mice received
0.25ml. cornx oil 4 days or 10 min before the i,v. challenge, The
results of this single experiment were incanclusive. In all the
nice peak parasitaemia cccurred o day 8 after which the parasitaemia
went into romision. Between days 1l and 18 the mice given comm
oil 10 mdn before challenge showed a significant recrudescence with
the parasitaemia reaching o meen of 28%: in none of the other groups,
i.e. the DES treated mice and the day =4 corm oil control, did the
recrudoscent parasitaemia go above 7%, in all groupe apart from the
DES day ~1 group the recrudescent parasitaemia remaining below 2%,
In conclusion it can only be tentativoly suggested that the DES
given one day and 5 min before challengo may have reduced the .
recrudescent parasitaemias and that corn oil alone given on day <4
oxy have had an antiparasitic effect even though the challenge
infection was givenr 1i.v.

Discuseion

Pristane, FIA and FCA when injected intraporitoneally all gave

mice some protection agninst an i.p. challenge with P, yoelld or
- The effect of the pristone was ahorter lasting than

that associated with tho other two agants wvhen given in tho quantities
usod. The resulting antiparasitic activity appeared to be confined
to the pexritoneal cavity because treated mice challengod i,v. were
not proteated, The three agents in themsolves did not appear to have
apy sntiparasitic aotivity because mice which were challenged i,p.
immedistely after injection of pristane or FIA had a course of
infectior whick followed that in the comtrols. The results suggested
that the optimal effect was obtained when the stimulatory agents weroe
given 2-3 days before the mice were infected. In mice injooted with

R
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either pristane or emulsified FCA a greater proportion of the
macrophages collected 3 days later were shown to have nan~specifioc
phagocytic activity, suggesting macrophage activation. It is
likely, therefore, that an increased phagocytosis of parasitized
red cells which initially results in a smidller numbexr of paxrasites
establishing in the ocirculatiom, would occcur in the pretreated
mice. All the mouse strains used were inbred and challenges

were made with infected red cells of the same strain of mouse as
the recipient mice. Removal of the infected red cells by
phagocytosis in the peritoneal cavity of the pretreated mice
would, therefore, be expected to involve the recognition of some
alteration of the parasitized red cell which would allow it to beo
distinguished from the non-~infected syngeneic red cells,
Expression of parasite antigen on or inserted into the red cell
membrane is associated with a maturing asexual parasite. For
sxample, the agglutination of P, kpowlesi infected red cells by
imoume serum only occurs when the parasite has reached the late
trophozoite/schizont stage (Brown and Brown, 1965). VWhem the
effect of pretreatment of mice with FIA on ring stages and late
trophozoite stages of was compared, however, the
onset of the patent parasitaemia was similarly delayed in both
cases. In repeating this kind of experiment it would be better
to include groups challenged with very young stages and schizont-
infeocted red cells, Yoeld (.1966) described the protective effects
of four injections of FCA i.p. before mice were infected with

a lethal dose of P, vinckei by the same route. He attributed the
protective effect of the FCA to a non~specific stimulation of

the RES in gsnernl wherens it is very likely that the protective
activity was oonfined to the peritoneal cavity and was dependent
on challenge via the intra-peritomeal route,.

Cottrell et al. (1977) described the protective effect of
lmg of diethylstilbestrol given a few hours before ax i.v. challenge

with either P, vipnckei or Babesia microti. In the case of
P, _vinckei the protective effect of the DES was to delay the onset

of the primary patent parasitaemia, It is, therefore, surprising
that a similar dose of DES had no obvious protective activity

against P, vinckei, a parasite in many respects similar to
P, vickei but less virulemt,
e t of c t ect £
leprae um on P a and Babe c infections

The following experiment was carried out in collaboration with
Dr I.N, Brown (St Mary's Hospital Medical School, London). The
induction of non-speocific resistance in mice to rodent plasmodin
and piroplasms by prior administration of agents, suchk as BCG

(Clari ﬁ ﬂ" 1976), %@m.m*&m (Clark ot al., 1977)
and [ k, 1979), has been described, The

basis of this resistance has been explained in terms of the
production of a soluble non-antidbody agent which mediates the
killing of the parasitized cells,

In this experiment the effect of prior infection of CBA
mice with the intracellular bacterium causing murine leprosy

(M) om P, chabaudi and B, microti infection is
described,
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F.méo CBA mice were infected with a standard inoculum
of 1 x 10° M 4 .g- 79, 107, 123 or 151 days before
an 1.v. challenge with 1 x 10° P, chabgudi parasitized cells,
A control group of mice received the same P, chabaudl infecting .
inoculum, In another experiment mice were infected with 1 x 10

By _mioroti infected red cells i,v, 144, 172 or 188 days after

infectian with M, lepraemurium.

The parasitaemias following challemnge with P, chabaudi are
given in Figure 4, Prior infection with MIM modified the
course of the P, chabaudi infection,

In the controls the primary patent parasitaemia showed two
peaks around days 8 and 19 and when smears wero discontinued
on day 35 a further recrudescence was just appearing. The effect
of the MIM was to delay the omset of the firat recrudesconco,
to the greatest extent in the day 107 mice, followed by day 123
sod 79 and least protected were the day 151 mice, Ox day 28
after P. chabaudi infeotion all the mice, together with non-~
infected cantrol, were injected i.p. with 0.,2ml of a 3% suspension
of sheep red cells (SR.BCS?. The mice were subsequently killed
7T oxr 10 days later their serum collected and the levels of anti-~
SRBCS antibody determined,. The results showed that there was
small slevation in the antibody levels in the days 79, 107 and
123 MIM mice over the P, chabaudi controls, the day 151 ! M mice
and the non-infected ocontrols.

After challenge with B, microti all the MIM infected mice
demonatrated strong resistance to the parasite. Some mice in
all MIM groups showed no parnaites and in others there was a
low level shorte-lasting patant parasitaemia. The control mice
suffered a typical acute B, microtl infectiom.

The protective effect of the MIM infection was signifoantly
greater mt%tm againat P and was
upiformly offective in groups against ormexr btut not
against P, chabaudi, Agminst P, chabaudi the protective effect
was not to delay the onset of the patent parasitaemia but to
roinforce the developing immmme response in the infected mice
and prevent the first recrudescence seen in the comntrol mice.
That is, thae control of the malaria infection was a combination
of a specific and nonespecific antimalarial response. The
protective aotivity of the MIM against P, chabaudl appoared to
increase with time after infoection reaching a maximum around
107-123 days after infaction with MIM and thereafter declined,
In the MIM infeoted mice, after intravenocus inoculation of the
organisms, the bacterium preferentially invades the lymphoid
organs, As the infection develops there is a progressive
depletion of lymphoid cells and rsplacement by macrophages in
tho thymus and in the lymph nodes 3 roplacement of tho immmo-
blasts in the T dependent areas also with maocrophages (Ptak
ot aler 1970). Cell-mediatod immme responses to heterologous
et are severely impaired (Ptak.et al., 19703 Bulloek ot al.,
1977) but antibody responses are not. Although the Pele of
cell-mediated responses in immmity to P a'e not
clear it may be that in the later stages of the infectionx
the non-specific resistance to P, chgbgudl resulting from the
MIM infectiom is reinforced toc a lesser degxree by an impaired
specific (cell-mediated) imxmme response.
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mgm%_m and BCG, which both gave substantial
if not complete resistance to B, microti (Clark et al., 1976, 1977)
were found by these workers to be less effective against P, chabsudi

or P, vinockei. MM infection gave the same overall result, The
oain target cells of the non~specific imayme response generated

by BCG, C, parvum and other agents (Cox, 1980) is thought to be
rapidly dividing parasites within the red cells,. It is not
gonerally thought that these agents stimulate oxr act in a co=
operation with the specific immune response but induce the formation
of a soluble non-antibody factor which directly oxr indirectly
produces intracellular damage. The experiments with MIM suggest
that the effect on B, microti may be mediated through a non-specific
mechanism, such as a non-antibody soluble factor. For P;_ chabaudi,
bowever, this may not be the case because the antimalarial activity
was not significant until after peak parasitaemia when the primary
specific immme response to P, chabaudi was underway. It could

. be_that that MIM had an adjuvant effect.

offects of td on_the udir
fo P, chabaudi

In an inveatigation of the mechanisms through which the infected
mouse removes infected cells the effect of irradiation at different
times during the course of an infection on the ability of mice to
control their infection or a challenge infection was examined.

In the first exgori.nent female NIH mice, 5 months old, wore
infected with 1 x 10/ P a parasitized red cells 1.v. and
divided into seven groups of six mice. Groups of the mice wexe
irradiated with 600 rads X~irradiation on days 3, 6, 8, 10, 13 or
17 aftexr infection, One group was left nom=irradiated. All the
irradiated mice were given torramicin in their drinking water for-
the duration of the experiment,. The meean parasitaemias for the
sgven groups are shown in Figure 5, The parasitaemis became patent
by day 2. In the mico irradiated on day 3 (Group 1) two mice

died on day 1l and a thixd mouse on day 16 when the parasitaemia
was declinding, In this group the acute phase of the parasitaemia
was delayed by one or two days compared with that in the controls
(Group 2): in the surviving mice the parasitaemia became subpatent
before that in the controlas and the recrudoscent parasitaemin

(days 19-27) emergod before that of the controls (days 24-33)

and was more savore,. Unfortunately all the mice irradiated

on day 6 (Group 3), two days before peak parasitaoemis in the controls,
eventually died. Two of these mice, however, survived to day 17
and 20 and in these two mice the course of the parasitaemia up to
death followed that of the controls. None of the mice irradiated
oo dny 8, Deak parasitaemiz, subsequently died, The

patent parasitaemia in these mice followed that of the controla

but the recrudescent parnsitaemia appeared more quickly (days

17-24) then that in Groups 1 and 2, In Group 5 mice, irradiated
on day 10, the decline in the primery parasitaemia was arrested,

end subsequently the parasitasmin rose again before becoming
subpatent oz days 19/20, at the same timo as the cor°rols. Two

of Group 5 mice died when their infections were subpatent and
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Figure 5. Course of P, chabaudi infection in mice irradiated with

600 rads. on either day 3 (t==n), day 6 ©==0), day 8 (0==0), day 10 (4==g, |

day 13 (@m®) or day 17 (s+=s) after infection.
mice (o=e).

Non-irradiated
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ix the remaining mice the recrudescence vas delayed in its
appearwnce vhen compered with the comtrols. In the mice irradiated
on day 13 (Group 5), when the parasitaemias vere only just patemnt,
the patent parasitaemia was extended and rose again before becoming
subpatent on day 21. Again in thess mice the onset of the main
recrudescent parasitaemia vas delayed (onset days 29-35), Finally,
in Group 7, irradiated om day 17, a low persistent and usually
patent parasitaemia followed which developed into more substantial
recrudescences around day 33. In sumpary, therefore, the effect

of irradiation was dependent on the time it was given. Irradiation
before or on peak parasitaemia did not extemt the primary parasitaemia
but precipitated a premature recrudescence. Where irradiation was
delayed until the primary parasitaemia was going into remissian,

the decline in the parasitaemia was arrested. Thus between. days

10 and 17 the mechanism through which the parasite is removed Ry
include a radiocsensitive component although it may be significant
that in these mice the arrest in the decline of the parasitaemia
was not immedimte but was evident on the second day aftexr irradiation.
Thus the mechanism through which the parasites are removed may
itaelf not be radiocsensitive but some immediate precurosor of this
process, such as macrophage precursor cells.

In the second experiment not only were the infected mice
irradiated with 600 rads at different times during the inf ‘ctiomn
but a number of mice in each group were reinfected with a large
intravenous challenge of P, ¢ infected red 8311-. Eighteen
weeks old female CBA mice were infected with 1 x 1 P
infected red cells and divided into seven groups of nine mice, On
each occasion within each group of nine mice, three ce were
irradiated and reinfected with approximately 5-7 x 10° parasitized
cells 1.V., three mice were irradiated and nmot reinfected and the
remaining three mice were reinfected omnly. One oxr two uninfected
mice of the same age and sex as the experimental mice received
the challenge infection o each occasion. Groups of mice vers

treated as above ox days 11, 13, 17, 21, 27, 31 or 37+ 4 Suxrthex ,

group of six control mice were infected but were neither irradiated
nor reinfected. .

The mean parasitaomias of each group or subgroup of mice are
shown in Figure 6.

Centrol mice (Group 1)

The perasitaemia followed the sxpected course, an acute patent
primery parasitasmia, with & peak parasitasmia on days 10/11, becoming
subpatent around days 16/17 snd & petent reorudescence cccurring
beatween days 24-25,

Reinfecticn om dax 1l (Groupe 2)

The non=irradiated mice cantrolled the challenge and the
parasitaexia decame subpatent at the same time and the onset of the
recrudescence vas at the same time as in the controls, In the
irradiation mice whichkr were not reinfected, the patent parusitaexia
vas extendsd by 4~5 days, sand of the two surviving mice omly one
showed & patent recrudescence and that on day 41. Ix the three
mice vhich vere reinfected and irradiated, the parasitaemia over
the succeeding three days matched the declining parasitaemia of the
nop~irradiated/challenged mice. Thareafter the patent parasitaemisx
was extended as ix the comparsble irradiated group vhiach were not
reinfected.

— e
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Figure 6, Course of P, chabsudi infection in mice either irradiated
after infection or irradiated and challenged after infection.

Kgy ~ infected mice irradiated only (e-e), Infected mice irradiated
and reinfected (0=0). Infected mice challenged only (&™a).
Challenge infection only (*==4. Infected mice not irradiated or
reinfected (t—1u), —~
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Reinfection day 13 (Group 3)

By this time the picture was changing. The non-~irradiated
mice controlled the challenge infection and were subpatent by
days 18-20, about the same time as in the controls (Group 1).

In the reinfected mice, however, the onset of the recrudescence
was delayed to days 34~37, some 7-10 days later than the controls.
In the irradiated/reinfected mice the challemnge was comntrolled
almost as effectively as in the non-irradiated/challenged mice
and agsin in these mice the recrudescent parasitaemias were
dolayed, commencing on days 36, 39 and 46 in the three mice,

In the irradiated/not reinfected mice the irradiation lengthemed
the primary patent parasitaemioc by 7-10 days over the controls
and two mice inducod a small rise in parasitaemia, In these mice
no recrudescent parasitasmia was dotected during a 50-~day
observation period.

Reinfection day 17 (Group )

The non~irradiated mice, two of which were subpatent at
challenge, rapidly controlled the parasites and were subpatent by
day 22. Significantly the recrudescence in these mice was
dolayed to days 41-43, In the irradiated/challenged mice, however,
all three of which were subpatent at challenge, one mouse
cantrolled the parssites as rapidly as their non-irradiated counter-
parts, but in the othexr two mice there was a small drop followed
by a small rise in the parasitaemia bocoming subpatent by day 25.
In these latter two mice no fixrther recrudescence was seen but
in the irradiated mouse which rapidly controlled the challenge
a recrudescence was seen between days 37 and 41, Two of the three
mice which were irradiated but not challenged were Jjust subpatent
at irvediation snd these mice subsoquently recrudesced at about
the same time as the comtrols. The third mouse had a low patent
parasitasmia when irradiated and this persisted umntil day 27, and
a patent recrudescence appeared on day L3.

Re Cc 21 (G

The ability to contxrol rapidly a chall infection had
diminished by day 21, In the non-irradiated/challenged mice the
parasitaemia rose to a peak two to three days later, matching the
rise in the non~immune challenge control, finally being reduced
to a subpatent level by day 27, No recrudescences were seen
in these mico in a S57=day observation period, In two of the
three irradiated/challenged mice the parasitaemia was still very
high four days after challenge and two of these mico died two to
three dayr later, The third mouse in this trio cantrolled the
challenge to subpatent levels by day 28 but died on day 41, The
mice irradiated but not challenged were subpatent oxr just about
subpatent when irradiated and these mice subsequently recrudesced
at a time within the range shown in the controls.

Beinfection day 27

At this time the majority of the miceo were Just .egilnning
their recrudescent parasitaemias following a period of subpatency.
Although the ohallenge infection in the irradisted and non-irradiated
mice initially increased the patant parnsitaemia the subsequent
course in bdboth groups matohed that in tho controls. In the
irradiated/non-infected mice there was no evidence that the
irradiation had any effect although surprisingly two of the three
mice did not show o recrudescence until days 41/43,

)
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Redpfection day 31 (Group 7)

At thia time most of the mice were comtrolling their
recrudescent parasitaemias and irradiation had no discermible
affect on the ability of mice ta control the challenge or to
reduce the recrudescent parasitaemia to subpatent levels.

Rejafection day 37 (Group 8)

By day 37 some of the mice could have reduced their recrudescent
parasitaemias to a subpatent level some 2-7 days previously, None of
the irradiated/non-reinfected mice were patant when irradiated and
remained subpatent. In the reinfected mice although in the
majority the challenge was not removed as rapidly as in the day 31
mice there was no good aevidence that irradiation reduced the rate
at which the challenge was removed.

This second experiment confirmed that irradistion of mice
after peak parasitaemia, days 10=17, when the parasitaemia wvas
in remisaion but was still patent, delayed the parasitaemia going
into subpatency (:era.d;l.a.t:l.on on day 13 resulted in the parasitaemias
becoming higher), and delayed the onset of the recrudescent
parasitaemia, Thus irradiation duxring this pexriod of remission
increased the antigemic load and presumably the antigenic stimulus
which the mice roceived which was reflected in turm in a lelay in
the onset of the recrudescemces, Similarly where the non~irradiated
mice were reinfected on days 13, 17 .or 21, thereby increasing the
antigenic stimulus to the mice when the parasitaemin was going into
remission or had just become subpatent, the onset of the recrudescenco
was delayed by approximately 8, 18 and >34 days respectively,
Irrediation of mice ox day 21 oxr thercafter had no obvious effect
onr the course of the parnsitaemia during the 50-57 day observation
period. Recent work in our laboratory (Mcleen and Phillips, 1979)
showed. that in P infected NIH mice the ability to comtrol
a large 1,v. challenge of P, c infected red cells rapidly
declined between the onset of subpatency after the primary
parasitaemia and the omergence of the recrudescence. Coincident with
the decline in the patent recrudescence, a challenge infection was
rapidly removed but thereaftoer the ability to remove a large challenge
infoction diminished with time. Reinfection of thoe non-irradiated
mice at different times in the second experiment gave similar
resulta. The course of the paransitaemia after reinfection of the
irradiated mice on each occasion reflected the parasitaemias in tke
other two subgroups, that is, the irradiated/non-reinfected and
reinfected/non-ixrradisted mica. By this we mean that the inditial
control of the challemge infoction followed that in the none
irrodiated/reinfected mice but the durntion of the subsequent
patent parasitaectia in some mice would follow that in the irradiated/
non~reinfected mice, .

In summary the effect of 600 rad irradiation given between
days 3 and 8, day 8 being peak parasitaemin, is to precipitate
& more rapid appearance of a recrudesosnt parasitaemia but not to
affeot the duration of the primary patont parasitaemia, Irradiation
oz days 10, 13 or 17 extended the patent primary pan sitaemisn and
for irradiation onx days 10 or 13 to delay the onset of a patent
parusitaomia.

Preliminary oxperiments using a carbon cloarance test (Weir,
1973) o the infected mice 4id show any reduction in carbon
clearance rates after irradiation,

————
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The importance of the spleen in immmnity to malaria parasites
has been well documented but details of the precise role(s) of
the spleen are still not clear although it is generally assumed
to be a source of antiparasitic antibody and a site of phagooytosis
of parasites and/or parasitized cells, In ents desoribed
in an earlier report (Annual Report DAJA 37-73=C 3492)
phagocytosis of P infected red cells containing late
asexual stages by phagocytes in the liver and spleen was reported.

The immme mechanisms through which the parasites are removed
are rapidly acting as demonstrated in the following exp te
Three months old male NIH mice were infected with 1 x 10

infected red cells from which the mice recovered,

M1 days 30 and 52 and on day 92 the mice were reinfected with
7 x 10° parasitized cells i,v. On day 107 four mice and amr aged—
mat normal control were reinfected for the third time with
7 x 10° purasitized cells i.v. at 0800hr when the parasites were
at the young ring stage. At 1715hx P infected donor
=ice vere bled and tho parasites (late ring stage) put into
h—ﬂ? culture foll the Trager and Jemsen procedure with the
exception that the RPMI 1640 containing 10% foetal cclf serum and
not normal mouse serum. Eight hours later (0245hr) the anjority
of the parnsites in culture were at the late trophozoite or schizont
stage, reinvasion had started and there were some free merozoites.
At this time, tho cultures vere discontinued, the blood cells
washed twice with finally resuspended in RPMI 1640,
Approximately 3 x 10° of the cultured parasitized cells wexre
injected 1,v, into each of four more immme mice and an age-matched
non=immme control, Tho course of the parasitaesmias in the two
groups of immme and the control mice are given in Figure 7. In
the non=izzmme control mice for the 0800hr challenge the parasitaemis
was maintained during the day declining slightly towards midnight
as schizogonry approached and schizont stages were sequestered in
the deep tissucss a few schizants were seen in the pexri
blood smears in the early hours of the following morming, In the
iomme mice reinfected at 0800hr the parasites continued to grow
normally but as schizogony approached, parasitas were lost from
the peripheral ¢irculationt reinvasion did not occur. (In an
earliexr report the phagocytosis of parasitized red cells in theo
spleenn, livezr and ocacasionally in peripheral blood in immme mice
was deecribed,) Of intexrest was the fact that in the imonme mice
but not the ocomtrol at 0735hr on the dny after challenge a few
schisont infected ocells were to be seen in the peripheral ocirculation
suggesting that in the immme mice the growth of a small proportion
of the parasites was slowed. In the mice injected with cultured
parasites smears taken immediately aftor challenge showed that
h=li% of the parasites in the peripheral circulation were new rings
and the rest were late trophosoites or schizont infected cells.
Two hours later smears from the immme mice showed that there was
o small increase in tho number of ring infected cells but a rapid
decrease in the mature asexual stages. Five hours after injection
the parasitoemias in the immme mice given cultured ) arasitos were
below 1% and 85% or more of the parnsites wers ring stage parasites.
At this time the non-immme control mouse was showing a parasitaemia
of 5.3%, 99% of the parusites being new rings., This experiment
confirms that in the hyperimmme mouse the removal of parasites/
perasitized rec cells occur at the late trophoxzoite/schizont stage,
grovth from the young ring stage in the majority of parasites

[P




- a—

37a

*Avp JUTAOYTOF oY} (ewe) BanOY n._.mo 30 (oe=Q) wXNOY 0080 1%

Pe10Q Ut TOIIUOO GAFEU U X0 .Antuv Kep Fuimoytol dyi ednoy ghzo ao (me=n) sanoll 00RO 3* Pejosjutes
soTH SunMY JoY3Ie uf juesexd sejjeured efuze Frta 4 pue uvorjooJur TPReqeEyso °d JO esImogn

SYNOH - uz:_

00rL  oobo, oosl
t

D

SYNOH~- IWi4
AHODINGIN
0080 ookt oo¥o ,_r 0081 0080
[4] M v
102
1o¥
foid
z
§ Oow a/nlo .
2° YA
5 N
/ \
" ot
108 /
o.\.l.olo\o
“00l

0

- ™ o~ -
SJ9¥ 0Y/ST13D d3ZILISYYVd 'SON "901

vy

*l oan¥ty




.

a8,

occurring normally, and this removel is a rapid process, once the
parasite reaches the achizont stage. The majority of recently
introduced late trophosoites/schizonts disappeering from the
circulation withina 2hx,

Previous work has shown that phagocytosis of P
P, chabaudl parasitized cells ocours in the liver and the spleen.
Tha relative importance of the spleen was examined in the following
experimanta,

In the,first experiment, L4 months female CBA mice were infacted
with 1 x 10" P, chabaudi infected red cells, On day 10 of
infection, two dnys after peak parasitaemia with the parasitaemia
declining, two groups of five mice were splenectomized undex ethexr
annesthesia,. A third infected group were sham splenectomized,

The day after splemectomy the mice in one group, togethcg with

a non~immme intact control, were reinfected with 7 x 10 _P_._%gﬂ:}_
infected red cells 4,v. The parasitaemias are given in Figure 8,
In the splenectomized/nomn~reinfected mice the parasitaesia deolined
further on the day after splenectomy but thereafter the parasitaemia
inoreased and a flustuating patent parasitaemia onsued until

days 34-38 when the parasitaemia became subpatent for a short period.
In the splensctomized/reinfected mice the parasitaemlia rose on the
tvo days following reinfection and thereafter cantinued as a
fluctuating and frequently high patent parssitaomia unti. day 39.

In the non-splenectomized infected mice the parasitaemia became
subpatent in all mice by day 20, From a previous expexriment

page 32 ) 1t is known that in infected mice given an
additional ochallengo infeotiom on day 11, ,the parasitaemia initially
rises but thereafter rapidly declines to become subpatent at the
same time as in ocontrols. These results coanfirm the importance
of the spleer in the maintenance of immmity in mice in which the
primary parasitaemia was going into remisaiont: it is significant,
however, that in the splenectomized infaected mice the parasitaocmia
continued to decline in the absence of the spleen on the day after
splenectaomy,

Instho second experiment, immune CBA fommnle mice wers reinfected
with 10~ B, chabauddi parasitized cells to boost their immmity and
13 days lator when the parasitaemia following challenge had become
subpatent two groups of five mice were splenectomized, On day 14,
the day following splanectomy, ane group of the splanectomized mice
(Group C) were challenged with 5 x 108 parnsitized cells i.v. A
group of the reinfected but sham~eplenectomized mice, and non~immune
age-motched control mice were similarly chaollenged. The remaining
group of roinfected and splenectomized mice (Group B) were not
challenged, Ths perasitasmias in the various mice from day 14
are shown in Figure 9. The sham~eplenectomized (Group A) and
splensctomized immute mice (Group C) both controlled the challemge
infeqtion as effectively as sach other with the exception of &
single mouse in Group C which shoved a short-lasting recrudescence.
Up to day 46 no parasites were seen in either group., One of the
mice in the immme splenectomized group (Group B) recrudesced on
day 18 and a fatal acute perasitaemia ensued. Thus in the mouse
with an established immmity with & recent boosting - he spleen
was dispensable and the rapid recoval of parasitized cells ooccurred
in extra splemic sites,
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ITn & tgi.rd experiment 3 months old C57B1 mice were infected

with 1 x 10 g_._ﬁm parasitized cells and on days 14, 20
and 27 four of t mice were splenectomized, In the non~
aplensctomized mice the parasitaemia followed the expected course,

peak parasitaemia being recorded on day 8 or 9 and becoming
subpatent by day 20, and a patent recrudescemnce appearing around
day 29. In the mice splenectomized on day 14 the parasitaemia
remained patent, and a fluctuating and frequently acuts parasitascia
ensuesd, one of the mice dying. The mice splenectomized on

day 20 or day 27 when the mice had just become subpatent,
subsequently recrudesced and the parasitaemia waa acute and long-
lasting. In two of the mice splenectomized on day 20 the
recrudescence appeared two days before the majority of the control

mice.

The role of the spleen was further explored in homologous and
heterologous imwunity to P, chabaudi and P, vinckei brucechwatti
(Povebsc.) in C57B1 mice. Male C57Bl were first infected with

or P,v,b,0. vhen 2 months old, The P,v,b,c. infected
mice had their otherwise fatal infection controlled with
chloroquine, Three moniths later the recovered mice were
reinfected with the same parasite with which they wers first
infected. Twelve days after reinfection five mice from each
group of mice weres splenectomized, The day following splenectomy
subgroups of three or four intact immme mice were chall nged
homologously or heterologously with 5-7 x 108 parasitized red cells
intravenously, Two splenectomized P, chabaudi immme mice were
challenged, aone mouse with P, chabaudli parasitized red cells and
the other with P,v,b,c. Two splenectomized P,v,be,c, immune were
also ohallenged either homologously or heterologously. Ago~
matched non-immme controls were alsc infeoted with the challenge
inoculum. The perusitaemias are given in Figure 10. The
infectivity of the challenge inocculum was confirmed in the none
imsune mice which both died, The immme mice including the
aplenectomized mice challenged homologously rapidly comtrolled
and removed the ohallenge infecticn, Immme intact mice challenged
heterologously initially showed a small degree of resistance, the
parasitaemia rising for 2 to 3 days and theresafter declining to a
subpatent level by day 8. In contrast, in the splenectomized
inmme mice no immmity to the heterologous challenge was
discernible and the mice died, Further intact eand splenectomized
immme wice wers challenged i,v. heaterologously or homologously
18 days after reinfection and 6 days after splenectomy. In
addition, irtaot mice challenged an day 1) were challenged for
a second time on day 18, Nop-immme age-matched controls were
also challenged, The parasitaemias are given in Figure 1ll. Both
the non~immme controls died of an actus parasitaemia. The
splemectomized immme mice challenged heterclogously showed no
reaistance and died at the same time as ths non~immume controls.
The splensctomized mice challenged homologously both controlled
the challenge infectiom although less gquickly than in the
splenectomized mice challenged on day 13, In the mice which
were challenged for a second time within five days of the last
reinfection shawed & greater heteroclogous immmmity than in the
mice vhen challenged on day 13 after reinfection,. in a Tepeat
experiment essentially the same results verse obtained.
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The relative importance of the spleem in immmity to
P, chabaudi depends on the stage of the infectian. If the spleen
is removed om day 10 or day 14 vhen the primary patent parasitaemia
is in declinpe, although the parasitaemia may decline through ome
schizogony after splenectomy, subsequently the parasitaemia rises,
initially unchecked, to acute levels. Pourteen to 21 days after
splsnectomy the parasitaenia is reduced, albeit temporarily, to
subpatent levels. Irradiatian of infected mice as the primary
parasitaemia declines has the same effect as splemectomy in
extending the patent parmsitaemia but it is shorter lasting. The
simplest explanation of the effect of splenectomy at this stage
in the infection is to assume that the spleen is a major source of
protective antibody, and that following splemectomy, the antibody
level falls within two days of splenectomy. The effect of
irradiation is less well explained on the same basis because
antibody producing plasma cells are more radioresiatant,
Irradiation may be destroying a radiosensitive precursor cell, such
as precursors of macrophage or iller cell or depleting the supply of
Becells, the precursors of plasmea cells, Splenectomy and
irradiation after the primery parasitaemia is into remissiomn
has no immediate consequences on the course of the parasitaemia,
Any patent recrudescences following splenectomy, hawever, are.of
a longer duration,.

In mice which have recovered from both the primary ,arasitaemia
and the recrudescent parasitaemia and had also been reinfected
to boost the level of immmity, the ability to remove an i.v,
challenge given soon after reinfection is unimpaired by splemnectomy.
Undoubtedly reinfection before challenge will stimulate antibody
production and as removal of the parasite is, in part, at least
antibody mediated, parasite. removal in the absence of the spleen
is likely to ococur in extrn splenic sites, such as the liver.

In contraat, although in hyperimmune mice the spleen ia A
dispensable for the rapid immediate removal of the parasitized cells
after & homologous challenge, with a heterologous challenge no
imnity is detectable following splenectomy. In intact hyper~
immane mice after heterologous challenge the parasitaemia did not
initially xise as rapidly as in the non-imsmmo controls and within
6=8 days the parasitaemia was subpatent. Thus both the non-specific
fmmmnity which initially comtrols the heterologous challenge
and the specific imsmme response which develop with the spesed of
a secondary immme response, to eliminate the heterologous challenge,
are dependent an the spleen,

The mechanism of the cross~immmity between different rodent
plasmodia has not been elucidated slthough extensive cross—immmi
between: rodent plasmodia has been described (for example Cox, 1975).
In the published work cross—immnity was detected by infecting
439 mice with one species or sub=species of rodent plasmodiuw and
a Tsv weeks after natuxal or drug-assisted recovery from that
infectign the mice were with a relatively smsall incculum
(L = 1 parssitized cells) of another species or subspecies of
parasite, The level of cross=protection at the time of challenge
a8 detected against a large intravemous wa. not determined,
Indirect fluorescent antibody tests in ouxr laboratory and elsewhere i

(Cos, 1970) indicate that WW and
share common: antigens. It has not, evex, been possible oux

labozratory to transfer protection to s Withh serum from
f1umme mice: the same serum gave signifiosant protection
» The immmity, therefore, vhichk developed over &
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period of several days to B, chabaudi and P,v,b,0., after heterologous

challenge, would appear to bo spleen dependent and likely to involve
the production of species specific protective antibody, with the
antigens common to both parasites acting as carriers for the species
specific antigens (Brown, 1971), Over the past five years a role
has been described (reviewed Cox, 1980) for a non-antibody soluble
mediator of immmity with a non=specific activity against intra-
cellular parasites, particularly during the primery perasitaemia,
Rodent babesias seem to be particularly susceptible to this soluble
factor. Cox (1978) reported that mice infected with B

exhibit a strong immmity to P - from day 17 to at least

day 22, this immunity being sufrigicnt to remove rapidly an
intravenous challenge of 2-8 x 10° P infected red cells,
Cox suggrsted that heterologous immmity to P, vipckei in B, mjcroti
infected wx\ce involved the non~antibody soluble mediator. In the
experiments described above the cross-immmity between P

and P,v,b,c. was only sufficient to depress the rate at which the
patent parasitaemia rose after challenge before a specific immmme
response was mounted, A soluble non-antibody factor may be
responsible for the cross~immmity but if this is the case the
spleen must be a mejor source of this factor and the half-life of
the latter be relatively short because splenectomy oblated oross~
imssmity.
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The techniques which are standard in the Blood Transfusion
Services for the oryopreservation at low temperatures and subsequent
reaovery of humsn red cells have proved suitable for the oryo~
presexrvation of P, f infected red cells, albeit the ring
stage parasites only. Blood from patients with patent
infections oocntain ring stages or gametocytes, the later
asexual stages withdrawing into the deeper tissues, such as the
spleen, liver, intestine and heart. Thus in the present project
snap-freezing small volumes of infected blood containing a final
cancentration of 19% (w/v) glycerol in a sorbitol/saline solution
and recovering the thawed blood by washing with sorbitol/saline or
hypertonioc saline has proved satisfactory. Culturos of
B, faloiparum provide the later stages in the asexual oyule,
Previous woric (Amnual Report DAJA 17-76=G9415) showed that
trophosoites and schisont-infected cells of P, faloiparum did not
survive snap-freeszing, A teclmique for the oryopreservation and
rocovery of viable g._‘%gﬁm trophozoitos and schizonts would
be useful, for example, for the preparation of antigen smears for
uso in the indiroot flucrescent test, As the prosent time, our
attempts to improve the survivel rate of these larger intracellular
stages of 2 by reducing the t ture of tho infected
blood in a serios of steps (Wilson gt _gl., 1977) have met with only
limited success.

The use of oryopreservation to keep P, falciparup peresitea
from a patient viable while the same patient mounts an immme
response to those parasites so that, subsequently, elements of that
immme respanse can be tested against those parasites is =
useful ane,. This procedure provides a means of contro for any
antigenic variability by the parasites. In this study sera taken
at different times after treatment are being tested foxr homologous
and heterologous activity + The conditions which allow
reasonable growth and maltip oxx of P
of 50=10011l over a few days have been describod, Similaxr sized
microcultures have recently been used by Reese and Motyl (1979)
in their investigotiocn of anti-malarial activity in the sera of A
monkeys immme to P e Undex the present grant a culture
adapted strain of has been maintained foxr 7 or moxre
days in microcultures by changing 6=70% of the medium on a daily
basis. 4 detalled repaort on the effect of the 'return! sexra
on the growth and multiplication of the cryopreserved wild isolates
of P, £ snd also culture adapted strains of P
of land and Gembian origin will be given in the next report.
Microcultures of are currently being used umder the
present grant to examine offect of granmulocytes and monanuclear
cells frowm the periphersl blood of immme Gambizn

serc on the growth and multipliocaticn of Medium
was changed daily, Although the results of these ttox

lear cells, and in

a smull proportion of the patiemts tested, their peripheral bdlood
sononuclesr cells had an antiparasitic sctivity i. the presence of
homologous serum, The phagooytosis of merosolites and
polymorphs vhen infeated blood was observed wnder aliozoscope
directly attexr talcen: from the patient wvas desarided

being by
Trubowite and Masek (1968) and Sinden snd Smalley (1976) respoctively.
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Techniques are now available for the cryopreservation of
granulocytes and mononuclear cella which would pormit the colleotiom
of peripharal blood leukocytes from patients during a patant
parasitaemia and at intervals thereafter and subsequently omn the
samo occasion test thaese samples for activity in vitrg correlates
of cell-mediated immmity and for cytoetoxic activi againat
homologous perasites (also previousis cryopreserved) in the presenca
or absenco of specific antibody, A Tole for cell~mediated immme
mochanisms in malaria is indicated although the evidence is in
some cases indirect, For example, an increase in cells having
a non-specific antibody dopendent cellular cytotoxicity (EK-cells)
in malarious mice (McDonald and Phillips, 1978) or children
(Greemwood et _al,, 1977) suggosts that K-cells may be cytotoxic
to melaria parasites, In two reports there is more direct
ovidencs of cell-mediated immme mechanisms killing parasites
in vitro (Coloman o0 19753 Playfair ¢t ale., 1979). Tt is
recomandod that the croculture system £ir growing the asexual
stage of P, falcipearug be used for examining further the specific
and non-gpecific antiparasitic activity of antibody and calls
from immmme individuals, Although it has still to e demonstrated
that P, faloiperum is able to undergo antigenic variation the
indirect evidence suggests that antigenic variability by the
parasite should be anticipated (Wilson and Phillipe, 19763 Vilaom,
1980), The use of monooclamal antibodies prepared against different
isolates of P C. to coupare thoir antigenic cl uamatexrs
should reveal more about the antigenic variadbility of P
and is clearly an area vhere considerable effort should be directed.
At the present time in our laboratory the momoclonal antibody
technique is being established and it is hoped that, in due course,
the large number of P, fgloipapun isolated we have oxryopresexrved in
liquid N'z cax be used in experiments with monoclonal antibodies.

The course of a blood=induced P, chgbaudi infection in mice
has the typical malaria characteristic of the acute parasitaemia
being followed by a por:l.od(s) of subpatancy betwesn ane or two
recrudescent parasitaemias. The cause of the fluctuating
parasitaemia is not fully undexrstood. Two posaible explanatiaons
are being examined in our laboratory at the present time. First,
lixe B, knovliesl (Brown and Brown, 1965), P, chabaudi during the
asexual erythrocytic stage may be able to undergo repeated
antigenic variation and thereby evade the immme response, a
phaniomencn well descoribed in African trypanosomiaasis, Secondly,
in the infocted mice the anti-malarial immme response may be
upable to bring about a rapid elimination of the parasite because
of comatraints upon the immame response, these contxaints posaibly
being of parasite oxigin. The evidence to date suggests that
although P, . Ray be adble to undergo satigenic variation
there are tuationsa in the level of antiparasitic activity,
at least aguinst the infecting population, wvhick relate to the
emergence of the recrudescent parssitaemias. In the expexriments
desoxibed in this repart on the effects of irrvadiation om the
course of a infection it was noted that in the non~
irradiated mice were reinfected with a large challenge
inooculum during the period vhen the primery parasitaesia was going
into remission, the anset of the patent recrudescence was
significantly delayed. If we assume that the recrudescence
cansists of parasites predominantly of a nev variant type this
obssrvation suggests that the challenge infeotion ia raising the
level of antiparasitic sotivity which may be active against
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P, _chabsudl of different antigenic types of that partiocular strain,
The nature of the inmgmmme mechanisma active against P
when the primary parasitasmia is declining is not fully understood.
Serum collected as the primary parasitaemia becomes subpatent can
vassively protect nun~immme mice which suggests that serum
factors, probably antibody, are involved, Both irradiation and
splenectomy of mice, however, during the declining parasitaemia,
did not immediately check the decline in the parasitaemia, but
within 2«3 daya they did so. Irradiatiaon is thought to have
little effect on plasma cells vwhich indicates that the antiparasitic
processes which are rapidly impaired by irradiation at this time,
are not depandent on the production of antimalarial antibody alome.
In the splenectomized hyperimmmized mouse or in mice irradiated
after the primnry parasitaemia haos become subpatent the ability to
remove a large challenge infection is the same as in the non~
irradiated or non-splenectomized immme mice, It would seenm,
therefdré, that the nature of the immme mechanisms operating
against P, chabaudl during tho primary parasitaemia and aftexr the
primary parasitaemin diffor in some Trespects, the former period
perhaps being more dependent on immme mechanisms which did not
involve a direct antiparasasitic (anti-merozoitse) cytotaxio antiboay.
It is clear that in infections the ways in which
antibody direetly or indirectly kills oxr leads to the removal of
parasites or parssitized cells needs careful inveatigation. A
role for opsonizing antibody has been suggested, Actd ration of
macrophages alone has been shown, in this report, to have
significant anti=plasmodial aoctivity. The use of
cultures of P might allow more direct observatiom of the
individual and combinod roles of antibody and cellular elemants of
the immune system. In our laboratory in shorteterm microcultures
of P, chgbaud]l multiplication rates of X2 can be cansistently obtained
Multiplication ocours more readily in RPMI 1640 medium cantaining
10% foetal calf serum than in medium cantaining fresh mouse sexum,
The inhibitory activity of normal mouse serum in cultures of
%_m cant be reduced by heating the serum to 36°C for 30 min. '
t is possible, therefore, that apocific antiperasitic activity
of sntibody may be detected in short-torm cultures of P
providing the antibody activity ia independent of these oonpcncntl
of complement which are destroyed by heoating the serum for 30 min

at 5600 Py

A role for both T- and Be=colls has been confirmed in the
adoptive transafer experiments, Qf the subpopulationa of T=cells,
there is evidence that T=helper cells play a role.

Vorie under the present grant has shown that protection can
by adoptively txanaferred not anly with spleex cells dut alsoc
with peripheral Dlood mononuclesx cells, peritoneal cells and also
leukooytes dissociated Dy shaking from fregments of liver of
immmne mica, 0f particulsar interest are tho observations on
the liver leukocytes because in one experiment these cells could
be ahown to be exsrting o protective effect in irreadiated recipient
mdoe at a time vhen thare was little detectable antidody present

in their oirculatiom.

It vould seem, therefore, to be vorth closely examining the
rols of the livexr in the immme response to malaria parasites,
partiocularly v!.th regard tc cell-mediated immme respopses. The
recent report of Plgyfair and colleagues (19?9) highlight the

S

role of the liver in mice immmised aguins . Short~term
cultures of =y ..uu cation of
Tesponses.
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The protection given to mice against Babesia aioroti and to
a lesser extent against by a sonowrrent infection of
mirine leprosy caused by (MIM) is broadly
similar to the protective effect described by Clark and ocolleagues
(1977) following the injection of mice with BCG, and

o Clark and ocolleaguss attribute the

protection ¢d 2 non=-antibody soluble factor which causes intra-
cellular death of the parasite. It is not known if a eimilar
substance is produced in the MIM infected mice. The interactiom
of human leprosy, and malaria infections in the field
could be woxrth investigatiom,

It is clear that the application of monoclomal antibody
technology is going to have a major role in malaria researchj
particularly with rogard to the identification of the antigenic
coanstituents of malaxria parasites which are important in the
generation of protective immamity, and in the demonstration of
antigenic differences between different isolates of the same
species of malaria parasites and of antigenic variation within
strains of parasites. IQontification of the protoctive
immmogens will spood the dovelopment of a safe vaccine,

There is an wrgent necd for an test wvhioh would
g€ive an accurate indication of tho kovel of resistance to
reinfection/infection particularly to P, in ‘ndividuals
living in malarious areas, where, for example, ocontrol programmes
have been initiated, and, in the future, in vaccinated individuals.
Resistance to reinfection will involve one or both of (1) the
level of antiparasitic activity prosent at the time of reinfection
and (2) the rate at which the immmologicel memory responds to the
parasite and restimulates protective immmnity. Tho growth
inhibitory activity of serum from individuals may provide
a measure of (1), although this is opem to doubt. Reosnt work
in ouxr laboratory has shown that secandary antibody respanses
to P by spleen and peripheral blood moncoucleazr cells
ocan be uced in Maxtrock chambers and that the level
of the ip vitro antibody response reflects the ability of the .
donor mice to control a challenge infectiom. A measurse, therefore;
of the secondary antibody response to P in vitro of
peripheral blood leukooytes from patients could provide an
indicatoxr of the level of immunological memory.

Malaria research is, at the present time, still mmking progresa.
Perhaps the initial optimig, that a vaccine was round the cormexr
which followed the omise of the experimental vaccinatiom of
nonkeys vith merosoites and the succesaful continuous culture of

has not been fulfilled, Nonetheless, the continued
Y malaria as o killexr of babies and infants and of
mortality in all age groupe in many developing countries ia
sufficient stimulus to continue work towardas methods of
ameliorating the disease and its oconsequences. I and my
colleaguss are grateful to the U,S, Army for allowing us to be
part of that effoxt,
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